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GROWTH IN ORGANISMS} 


THE main proposals discussed in this ad- 
dress were as follows: 

1. The development of an organism from 
the spore or embryonic stage includes the two 
processes of auxesis or enlargement and of 
differentiation both in the single cells or ele- 
ments and in the organs. 

2. The present studies are based uvon the 
conception that living matter is composed 
mainly of pentosans and albumins or albumin 
derivatives with lipins as a minor component. 
The proportion of the main components may 
vary from nearly a hundred per cent. to 
nearly zero. 

8. The principal and characteristic sub- 
stances of the two groups are practically non- 
diffusible and hence come together only as an 
intimate mixture in a colloidal condition, with 
varying arrangement. 

4. Growth of living matter consists of hy- 
dration with accompanying swelling and of 
accretion of solid matter, the two processes 
being actually independent. 

5. The hydration of the substances belong- 
ing to the two main components is affected 
in an opposite manner by hydrogen ions, and 
is variously modified by temperature and other 
conditions: thé rate and amount of growth is 
a resultant of several reactions. 

6. Accretions of new material include the 
absorption of salts which tend to restrict hy- 
dration and the incorporation of amino-com- 
pounds. So-called nutrient salts do not con- 
stitute food but may act as catalysts or re- 
leasers of energy in other substances and as 
controls. 

7. The enlargement of cells is almost en- 
tirely by the swelling which results from hy- 


1 Presidential address, Pacific Division of the 
American Association for the Advancement of Sci- 
ence meeting at Pasadena, June 19, 1919. Manu- 
script abbreviated by the author. 
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dration in their earlier stages, and later the 
enlargement of the syneretic cavities in the 
colloidal structure is followed by the distend- 
ing or stretching action of osmostic pressures 
in the vacuoles thus formed. 

8. Illustrations by records of growth of leafy 
stems, joints of cacti, fruits of Solanum and 
trunks of trees. 

The development of an organism from the 
single- or few-celled stage to the stature of 
the adult individual is generally characterized 
as growth. One of the first facts that comes 
to the notice of the observer who follows the 
life history of an animal or plant from the 
egg or the spore or from the resting stage in 
a seed to maturity is that all parts of the 
individual do not enlarge at the same rate, 
and that if attention be fixed upon the most 
readily available object for such a study, the 
root or shoot of any plant, it will be seen that 
the power of expansion seems to reside only 
in the region of the tip in the case of the 
root and in the tip and in certain regions 
in the younger internodes of stems, while such 
organs as the leaves of grass elongate by the 
action of a growing zone at the bases. There 
are of course many specializations of this ac- 
tion such as those displayed by simple organ- 
isms in which a single cell is the inidvidual 
and when this reaches full size all possible 
growth is accomplished. As our principal pur- 
pose in the present discussion is to present the 
action of the protoplasm in growth it has 
been found most convenient to use facts dis- 
covered by the measurement and analyses of 
plants consisting of many millions of cells. 

With magnifications of much less than a 
hundred, we readily see that the embryonic 
cells of a plant which may be imagined as 
of a cubical or prismatic form and consisting 
of a dense mass of colloidal matter, become 
larger, that they also change form, show new 
structures in the mass and that the enclosing 
wall takes on a variety of forms. These 


changes determine the final part which the 
maturing cell may play in the complex proc- 
esses of the organism. The architecture of 
the plant includes many beautiful mechanical 
designs and it would be well to guard against 
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the error of considering it as simply a set 
of sacs, test tubes, and bits of jelly by recall- 
ing the fact that it is, like all living things, 
an engine which not only picks up its fuel, 
manufactures it into briquettes, or their phys- 
iological equivalent, burns this fuel, the de- 
rived energy being used in a variety of ways, 
but while this is going on the machine is also 
adding to, repairing and altering its own 
parts. This, however, does not imply that 
any special or mysterious “life forces” are 
concerned. The physiologist may in fact 
identify a large number of the things that 
may happen in the cell and he may imitate 
many of them and the progress of science 
will be marked by the successive subjugation 
of others, but to assemble the material in a 
way to obtain the complexity and the se- 
quences of reactions of living matter is be- 
yond our capacity for manipulation, and our 
failure may not be ascribed to the lack of any 
elusive vital spark. 

The taste for polysyllabic definitions of pro- 
toplasm has waned and we are not so much 
concerned with inclusive descriptions as with 
an understanding of the nature of the sub- 
stances which enter into its composition and 
how these react when subjected to conditions 
which may prevail in the cell. Protoplasm 
when viewed with a low power microscope ap- 
pears to be a silvery translucent mass of mate- 
rial like a highly hydrated jelly, which, in 
fact it really is, being composed of about one 
to two parts of solid matter to about two hun- 
dred of water. The constituency of the solid 
part, or the residue which is obtained by 
driving off all of the water is a matter of no 
little interest, since it is upon this physical 
basis that all of the properties of the organism 
rest. 

The proteins or albumins are invariably 
present, and the transformations in the highly 
complex molecules of the nitrogenous com- 
pounds in living matter offer some tremen- 
dous difficulties in interpretation and at the 
same time yield the material for some of the 
most romantic chapters in biological science. 
Present in every cell, these substances may 
not move from one protoplast to another ex- 
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cept in the highly hydrated state known as 
peptones, or when broken apart into compara- 
tively simple amino-compounds. Gelatine, a 
substance of an albuminous character, has 
been widely used in experimental work which 
had for its purpose the determination of the 
properties of living matter, but we are now 
so far advanced as to know that it may repre- 
sent the qualities of the protoplast only in so 
far as these may be identical with amphoteric 
compounds. In other words, the behavior of 
gelatine may be used to some extent to sim- 
ulate the reactions of protoplasm which con- 
sists largely of albuminous substances. This 
is not a universal condition and in fact is the 
exception in plants. 

Lipins or fatty substances form an im- 
portant part of the living matter of animals 
and in their growing cells may constitute as 
much as two per cent. of the solid matter, 
amounting to one part in a thousand of the 
total weight. The lipins may unite with 
phosphoric acid, with carbohydrates, or with 
nitrogenous substances such as the amino- 
acids; giving diverse materials, the action of 
which in the life processes is but dimly com- 
prehended. 

The physiologist who devotes himself to the 
study of life as exemplified by animal forms 
deals with a protoplasm in which the proteins 
and lipins predominate, and is excusably apt 
to believe in the universality of the properties 
he uncovers by a study of their reactions. 
The presence of mucin, gums and mucilages 
in living matter has long been known, but the 
determination of their definite occurrence as a 
component part of the mechanism of the cell 
was first acomplished at the Desert Labora- 
tory. Numerous analyses show that the pen- 
toses and their condensation products the pen- 
tosans are abundant in plant cells, and that 
they may form a larger proportion of its dry 
weight than do the proteins or nitrogenous 
substances. 

Here however, we must avoid the mistakes 
of our predecessors by assuming a universal 
condition. Specialized organs or cells, eggs, 


spores, pollen cells, ete., may have a proto- 
plasm in which the protein material may 
make up almost the entire solid matter, and 
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at the same time it is not to be assumed 
that the main components are evenly distri- 
buted throughout the mass of the protoplast, 
as it is very well known that the nucleus and 
other special organs of the cell are high in 
albumins. Consultation of available informa- 
tion on this point shows that in bacteria for 
example over 90 per cent. of the solid matter 
may be albuminous. The analyses of cacti 
made by Dr. H. A. Spoehr at the Desert Lab- 
oratory show that not more than a tenth of 
the living matter is proteinaceous, and that 
the greater part of the cell content is car- 
bohydrate, pentosans, of which gum arabic, 
tragacanth, mucilage and agar are common 
examples, these being in fact combinations of 
the simpler pentose and hexose sugars. 

Miss Stewart of Barnard College has re- 
cently described the manner in which pento- 
sans formed in the cytoplasm accumulate in a 
layer next the wall leading some observers to 
believe mistakenly that they were formd by the 
hydrolysis of wall material. In other cases 
masses were formed in cavities in the proto- 
plasm. Gross chemical analyses determine the 
presence of such substances in material in 
which they occur only in finely divided form 
in the colloidal mixture and may not be de- 
tected by microchemical methods. At present 
our knowledge of these substances is confined 
chiefly to their action as a part of the hydra- 
tion or growth mechanism, and it is by no 
means clear that they are not more or less 
included in the metabolic cycle. 

These statements are not to be taken as im- 
plying a simple composition for protoplasm: 
The different and various pentosans on the one 
hand and the amino-compounds built up by 
the plant or derived from albumins have va- 
rious special characters although the first 
agree in being weak acids, and the second are 
amphoteric, capable of acting as either acids 
or bases according to conditions. As an ex- 
ample of these differences there has been much 
discussion as to whether or not protoplasm 
was soluble or miscible in water. It is ob- 
vious that living matter in which the pentosan 
was a mucilage like gum arabic would be 
miscible with water, while a pentosan like 
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tragacanth would be less soluble, and a group 
like agar, for example, would not appear to be 
soluble at all. It is by no means implied that 
solubility invariably depends upon differences 
in the carbohydrate component as it might 
also result from the character of the amino- 
compounds or proteins present, expecially in a 
protoplasm rich in nitrogen. 

My studies of growth have been carried out 
on the assumption that the principal features 
of importance are those which might be due to 
the reactions of the carbohydrates and of the 
proteins which may be present. It is in order 
therefore to inquire into the condition in 
which these substances may occur in living 
matter particularly with respect to their rela- 
tion to each other. The first and most im- 
portant relation to be considered is the fact 
that the mucilages or pentosans and the al- 
bumins of amino-compounds of the cell may 
diffuse into each other very slowly or not at 
all. Their joint presence in living matter is 
in a condition in which they are intimately 
mixed in a colloidal condition. Mvlecules or 
groups of molecules of each lie side by side 
with various possible arrangements. Thus it 
is conceivable that the mucilage of a cell 
might be in the form of a mesh or honeycomb 
with the proteins forming droplets enclosed in 
the continuous structure, or the reverse might 
be the case; again substances of both groups 
might each form a continuous meshwork inter- 
locking with the other, and another category 
of variables would be introduced by the lipins 
which might be interposed or incorporated in 
these systems. Living matter probably does 
not remain fixed in any one of these simple 
arrangements, or in any one of a dozen others 
which might be described if space permitted, 
and the suggestion is ventured that the play 
of molecular force where aggregates of a 
different kind are in contact may constitute 
the essential and characteristic action of 
living matter. 

Let us now fasten attention upon the the- 
oretical final structure of protoplasm and en- 
deavor to construct for ourselves a mode or 
plan of action which might be followed in 
its growth. Growth as has been defimed con- 
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sists of two processes. First the molecules or 
aggregates of molecules of the two kinds, the 
carbohydrates and the albumins, combine with 
and absorb water, thus increasing the volume 
of these units regardless of whether such mole- 
cules be in the form of droplets or fibrille of 
a meshwork. Instances of growth are known 
in which water only has been added to the 
colloidal structure in which’ in all probability 
the solid particles have been variously re- 
arranged. In general however growth is ac- 
companied by the accretion of molecules of 
solid material in such manner that as develop- 
ment proceeds their proportion to that of the 
water taken increases and organs are then 
said to show an iricrease of relative dry weight 
with age. 

On the other hand, my own studies have 
shown that succulent organs or stems, such as 
leaves of the Crassulacer, joints of cacti, 
fruits, etc., do not show such increase and the 
proportion of solid matter and of water 
undergo but little change, their incorporation 
being at a rate which keeps them near the 
initial proportion. It is suggested that such 
action may be shown by ‘the fleshy fungi al- 
though I have not seen any data bearing di- 
rectly upon this matter. 

The conditions under which hydration may 
ensue are by no means identical for the two 
main constituents of living matter. Thus the 
albumins and their derivatives as exemplified 
by the behavior of gelatine show a swelling 
determined or facilitated by the hydrogen ion 
concentration or acidity of the solutions, be- 
ing increased as this rises. The pentosans, on 
the other hand, show no such increase, and 
being weak acids, their hydration is retarded 
by ithe hydrogen ion. The swelling of a mix- 
ture of the two will therefore be a resultant of 
these effects and of the proportion of the two 
elements in the living mixture, and as the un- 
ceasing action of respiratory metabolism re- 
sults in the formation of some residues of 
acids, the condition of hydration of any mass 
of protoplasm may be said to reach a volume 
determined by these opposed reactions. The 
effects in question may be illustrated by the 
citation of my experiments, in which gelatine 
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was found to show a swelling in hundredth 
normal acetic acid fifty per cent. greater than 
in distilled water, agar forty per cent. less, and 
a combination of eight parts of agar and two 
parts of albumin, about forty per cent. less 
than in water. 

The hydrogen ion concentration of the 
fluids in a plant cell are controlled by the 
buffer conditions which exist there, but still 
the range of variation is much wider than that 
found in the circulatory systems of animals. 
Bases or cations are seen to affect the swelling 
of the plasmatic mixtures in my experiments. 
Various authors having secured results indi- 
cative of accelerating effects of certain amino- 
compounds on growth, some swelling tests of 
the effects of these substances were made with 
the discovery that such an amino-acid as glyco- 
coll in hundredth molar solutions seems to 
retard tthe swelling of gelatine, at least when 
the increase in thin dried plates is considered, 
and to accelerate the swelling of agar to and 
beyond the total in water. The mixture of 
agar and albumin, as well as a mixture of 
agar and gelatine, shows a greater hydration 
in glycocoll than in water. 

The possible physiological significance of 
these results is heightened by the knowledge 
of the fact that some of these amino-com- 
pounds may be taken to be universally present 
in growing cells and they probably vary less 
than the organic acids. It is suggested that 
the ammonia group in these compounds may 
form a salt with the carbohydrates with the 
effect of increasing the hydration capacity. 
Whether any reaction with, or effect upon, the 
hydration of the protein element occurs is not 
yet clear, although it is obvious that such ac- 
tion might be of fundamental importance in 
nutritive metabolism. The entire matter of 
hydration may be briefly summarized by the 
statement that the fundamental properties of 
a colloidal mixture or of living matter will de- 
pend upon the proportion of albumins and of 
penttosans, and upon the properties of the par- 
ticular substances’ of each group which may be 
present. Hydrogen ions within the possible 
range of concentration increases hydration of 
the albuminous substances and depress that of 
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the pentosans. Bases or cations exert a re- 
verse effect on the albuminous substances and 
depress hydration of the pentosans slightly. 
Certain amino-compounds depress the swell- 
ing of albuminous compounds, but facilitate 
the hydration of pentosans and sections of such 
substances when mixed in a proportion of four 
to one with albumin undergo hydration to a 
degree equivalent to cr even greater than that 
in water. 

The second phase of growth, that of the in- 
corporation of molecules of solid matter is not 
so easily described since it is not so directly 
susceptible of experimental test. If the con- 
ception of the pentosan-albumin composition 
of protoplasm is correct, it is obvious that the 
mass of living matter may not be increased 
simply by the addition or diffusion of sugars 
into the meshwork, as is supposed by some 
writers. 

Before the material in these carbohydrates 
may actually become a part of the colloidal 
living mesh it is undoubtedly broken down to 
some extent by enzymatic or respiratory ac- 
tion, part of the material being carried through 
transformations to organic acids or carbon 
dioxide, some of the material is combined 
with the ammonia group (NH,) to form 
amino-compounds, some with the lipins, while 
some of these sugars may be converted to the 
pentose form in which they would so mark- 
edly affect the hydration capacity of the mass. 

By way of crude illustration, protoplasm 
might be regarded as the wick of a lamp 
which draws sugar into its meshes, burns the 
sugar and in the burning some of the sugar not 
completely consumed unites with other sub- 
stances to form additional fibers of the wick. 

At this point it would be well to divert at- 
tention for the moment to the so-called “ nu- 
trient” salts, the presence of which in the soil 
and in the liquids of the plant is so indispen- 
sable to the plant. It is necessary for an 
understanding of the real nature of growth to 
have clearly in mind that living matter is a 
colloidal mixture of proteins and carbohy- 
drates, which takes up water and gains solid 
material in growth by processes which are 
actually retarded by these salts. These com- 
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pounds in fact yield no energy and furnish no 
building material. They may act as catalyzers 
or as releasing agents, and as controls of water 
absorption or as guides in colloidal arrange- 
ment, but they are not “ food-material” in any 
sense. The constituents of fertilizers should 
be designated as “culture salts” and as such 
have all of the importance which ‘has been im- 
puted to them; a determination of the compo- 
sition and proportion of salts in a culture so- 
lution which will induce maximum produc- 
tion of grain, fruit or forage is a problem of 
the first rank now happily receiving something 
like an adequate investigation. 

The foregoing suffices to account for the me- 
chanics of growth or expansion of a single- 
celled or naked organism. The development 
of complex, massive or higher organisms espe- 
cially in plants, however, is accompanied by 
the formation or deposition of an outer layer 
of denser consistency which occurs at any 
phase boundary of colloidal material. This 
membrane so-called is in any case a product of 
the surface energy of the mass or system of 
living material in the cell and of the material 
in contact and its constitution, and even its 
structure must vary as widely as that of the 
protoplasm which produces it. 

External to the membrane is the cell-wall 
which begins to be formed around plant cells 
as soon as they divide or are separated and this 
wall increases in rigidity and offers greater re- 
sistance to stretching as it grows older. 

The arrangement in question, therefore, is 
one in which the expanding and growing pro- 
toplast is enclosed in a sac or bag of its own 
making and which acts as a screen not only in 
allowing some materials to pass while others 
are shut out, but also is so constructed that 
some solutions pass through it more readily 
into the cell than out of it, these being simply 
examples of some of the many facts discussed 
under the designation of permeability. The 
external screening membrane takes on a spe- 
cial significance in connection with the os- 
motic action of the vacuoles. 

These sacs were at one time thought to have 
a morphological value, but it is now under- 
stood that almost any hydrating colloidal mass 
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may exhibit syneresis in which cavities or 
canals are formed in which the colloidal mate- 
rial accumulates in an attenuated or liquid 
condition. These syneretic cavities increase 
by absorption of water and by the time the 
protoplasm of the cell has attained about half 
of its ultimate bulk in some instances, these 
cavities have enlarged to occupy a space as 
large as the protoplasm and acting as vacuoles 
by which they are ordinarily known, eventually 
fill a much larger space. The expansion of 
these vacuoles and the consequent increase in 
volume of the cell constitutes part of the en- 
larging action of growth, and this expansion 
takes place by the force of osmotic action. 
and the result of such stretching is to set up 
a tension ordinarily designated as turgidity. 
The vacuoles continue to hold some of the 
colloidal material and may also carry in solu- 
tion almost any substance in the cell which 
may be passed into them by osmosis or diffu- 
sion, including sugars, salts, acids, amino- 
compounds, ete. 

The enlargement of the individual masses 
of living cells in organisms entails a certain 
amount of work which in the earlier stages is 
derived almost entirely from imbibition or 
adsorption, and while such action continues 
throughout the growth or life of the living 
matter, there is in addition the stretching ac- 
tion exerted by the expanding vacuoles by os- 
motie action. The growing regions or plants 
at all times include cells in all of these stages, 
from the newly separated protoplasm which is 
expanding entirely by imbibition of water and 
incorporation of new material, others in which 
the syneretically formed vacuoles are increas- 
ing and thus adding to the volume of the cell 
by osmotic action, and others approaching ma- 
turity in which the vacuole may have attained 
such size as to occupy many times the space 
of the living matter which may indeed now be 
but a sac with its layers of irregular thickness 
lying internal to the wall, which now has be- 
come dense and rigid. : 

The measurement of the growth of a stem, 
root or fruit of a plant will, therefore, show 
the composite changes in volume of cell masses 
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in all of these stages, and consequently express 
the action of imbibition and osmosis. 

The distinct action of imbibition and the 
later joint action of hydration by osmosis and 
by imbibition may be most readily recognized, 
in organs in which the region of growth is 
generalized as in the ovate flattened joints of 
Opuntia or in such globular fruits as the to- 
mato. The measurement of the growth of one 
of these joints may be begun when it has a 
lateral area no larger than the thumbnail, and 
during this stage the increase is rapid and 
shows a minimum disturbance from changes in 
external conditions, as shown by the illustra- 
tions. Growth continues throughout the en- 
tire mass until an advanced stage of develop- 
ment is reached, when it first slackens in the 
basal portion. By this time large vacuoles have 
been formed in the thin-walled cells, and water 
loss from the surfaces of the organ has reached 
such a rate that great daily variation in the 
volume results and actual shrinkage may en- 
sue. A similar history may be predicated for 
such structures as the large berry-like fruit of 
the tomato, it being noted that the material in 
both illustrations takes on solid matter and 
water at such rate that not much alteration in 
their proportions occurs during development. 

The enlargement of the trunk of a tree re- 
sults from the multiplication and growth of 
cambium and other cells on the outside of the 
trunk directly inside and covered by the bark. 
The trunk of the tree is in effect a cylinder of 
moist but dead woody tissue surrounded by 
a living sheath which becomes very active at 
some time in the year and which as a result 
forms an additional layer or sheet of wood on 
the trunk which in cross section gives the ap- 
pearance which has caused it to be designated 
as an annual ring of growth. 

The actual course of growth or formation of 
these annual cylinders or, more strictly speak- 
ing, cones, has not until recently been meas- 
ured. In 1918 I was successful in making a 
working model of a dendrograph which might 
be attached to the trunk of a tree in such 
manner that its changes in volume due to 
whatever causes were traced on a ruled sheet 
of paper carried by a revolving drum. The 
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essential part of this apparatus is a yoke of 
metal, which has two bearing screws resting 
on the trunk and carrying a third contact 
point on the end of the pen lever. It was not 
possible to make a practicable instrument 
until a yoke could be constructed which 
showed but little variation as a result of 
changes in temperature. Three alloys with a 
very low temperature coefficient, bario C., 
manganin and invar have been used and den- 
drographs are now in operation on the trunks 
of two species of pine, and oak, an ash, a syca- 
more and a beech tree, and as these instru- 
ments were placed in position before growth 
began in 1919, there is every prospect that sea- 
sonal records will be obtained from which the 
principal features of growth may be seen. 
Weekly records show that these trees do not 
behave alike and that many conditions are 
to be considered in interpreting the records. 

It is evident for example that but little is 
known concerning the properties of bark as a 
water-proofing or protecting coat for the tree. 
The loose bark of the ash and pine trees seems 
to allow such a great water loss from the sur- 
face during the mid-day period as to cause 
actual shrinkage which does not occur in trees 
such as the beech and live-oak, which have a 
perfect living green outer bark or skin. The 
facts disclosed by these records can not fail 
to be of interest in a discussion of any phase 
of the complicated problem of the ascent of 
sap. 

D. T. 
DEsERT BOTANICAL LABORATORY 


JOSEPH BARRELL 


AMERICAN geology has lost one of its fore- 
most leaders, one who promised to stand as 
high as the highest. Professor Barrell’s other 
colleagues will undoubtedly agree with Pro- 
fessor T. C. Chamberlin when he says: “ We 
had come to look upon him as one of the most 
promising leaders in the deeper problems of 
earth science. We feel that his early de- 
parture is a very sad loss to our profession not 
only, but to the whole group of sciences that 
center in the earth. and its constitution.” 
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Only a few days before his death there came 
to him the news of the highest honor that can 
be given to an American scientist, election to 
the National Academy of Sciences. His elec- 
tion, furthermore, was by a unanimous vote 
of the academicians present at the April meet- 
ing in Washington, and such a vote is rare in 
the academy. 

Joseph Barrell, the son of a farmer, was 
born at New Providence, N. J., December 15, 
1869, and died of pneumonia and spinal men- 
ingitis in New Haven on May 4, 1919. He 
leaves a wife and four sons. Standing 5 feet 
10.5 inches in height, of the blue-eyed Nordic 
type, with a full head of wavy light-brown 
hair, he was spare and slender in build, but 
characterized by great muscular strength in 
comparison to body weight. He was of the 
eighth American generation from the Puritan 
George Barrell, who migrated from Suffolk, 
England, and settled at Boston in 1637. This 
first American Barrell began as a cooper, but 
most of his descendants have been sea-going 
people and shipping merchants. The most 
widely known and wealthiest was Joseph Bar- 
rell of Boston, after whom the subject of our 
sketch, his great-grandson, was named. This 
Joseph Barrell is said to have “ early espoused 
and firmly maintained the cause of his coun- 
try,” and for a time represented the town of 
Boston in the State Legislature. It was in 
his splendid home that General George Wash- 
ington was entertained during his visit to 
Boston. 

Professor Barrell received the first part of 
his collegiate education at Lehigh University, 
taking in due course its B.S., E.M. and M.S. 
degrees, and in 1916 this institution gave him 
its doctorate of science. From 1893 to 1897 
he was instructor in mining and metallurgy 
at his alma mater, and then was given leave 
of absence to go to Yale for graduate studies 
in geology, taking his Ph.D. degree in 1900. 
Returning to Lehigh, he was made assistant 
professor of geology, and for three years 
taught not only geology but zoology as well. 
In 1903 he was called to Yale as assistant pro- 
fessor of geology and in 1908 promoted to the 
chair in structural geology. In the geological 
department at Yale he was a unifying force 
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and a tower of strength. During the summer 
months from 1893 onward, Barrell spent 
nearly all the time in the field, working at 
first as an engineer in the coal mines of Penn- 
sylvania, then in the mines of Butte, Montana, 
devoting one summer to the geology of south- 
ern Europe, and later studying widely the 
geology of the Appalachians and of the New 
England States. 

Professor Barrell’s first publications, in 
1899 to 1900, deal with mining, but since 1901 
nearly all his work has been in geology. His 
bibliography has upward of forty-five titles, 
totalling more than 1,500 pages. Several 
articles remain unpublished, at least two of 
which it is hoped to print during this year. A 
more detailed account of his life and work will 
appear in an autumn number of the American 
Journal of Science. 

Barrell’s most important work has to do 
with the strength of the earth’s crust. The 
series of papers bearing that title examine into 
“the mechanics of the earth considered as a 
body under stress, owing to the variation in 
density and form which mark its outer shell.” 
He was all the more able to handle this most 
difficult subject because of his thorough train- 
ing in engineering at Lehigh. His last work 
along this line will be published this fall. 
From the manuscript we learn that “The 
larger features of the earth’s surface are sus- 
tained in solid flotation, and at some depth 
the strains due to the unequal elevations 
largely disappear, the elevations being com- 
pensated by variations of density within the 
crust. In consequence, the subcrustal shell is 
subjected to but little else than hydrostatic 
pressure.” Isostatic balance is, however, not 
everywhere in adjustment, but the adjust- 
ments are held to be irregular and imperfect 
in distribution and mostly concentrated in the 
outer one hundredth of the earth’s radius, 
with a tendency to progressively disappear 
with depth. On the other hand, “the outer 
crust is very strong, capable of supporting in- 
dividual mountains, limited mountain ranges, 
and erosion features of corresponding magni- 
tude.” 

Barrell also did much toward working out 
the criteria by which the climates, marine 
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deltas and geographies of the geologic past 
may be discerned in the sediments or stratified 
rocks that make up the greater portion of the 
geologic record. This work brings out espe- 
cially the importance in earth history of the 
ancient formations laid down upon the lands 
by the fresh waters and the wind, in con- 
tradistinction to those deposited by the seas 
and oceans. 

The length of geologic time was another 
problem that deeply interested Barrell. In his 
“Rhythms and the Measurements of Geologic 
Time,” he came to the conclusion that through 
the rhythmic oscillations of the terrestrial 
processes which the earth has undergone, its 
age is many times greater than even geologists 
in general have imagined—in fact, that it is 
of the order of about 1,500 million years. 

A fourth line of research which occupied 
Barrell was the origin and genesis of the 
earth, and here he extended in modified form 
the Chamberlin-Moulton planetesimal hypothe- 
sis, 7. e., that the planets and their moons 
arose out of the sun during a time of induced 
tidal disruption. Some of his best work was 
to develop along this line, and an extensive 
manuscript on “ The Genesis of the Earth ” is 
ready for publication. 

Since 1913, Barrell has on a number of oc- 
casions taken opportunity to point out that 
the supposed Mesozoic peneplain of southern 
New England was in reality “ stairlike or ter- 
raced in its character, facing the sea, and 
bore the marks of ultimate control by marine 
denudation. These terraces [more than five 
in number] are now dismantled by erosion ex- 
cept in regions favored by the presence of 
broadly developed resistant rock structures. 
. .. All are regarded as younger than the 
Miocene.” With this view, he adds, we get 
“a suggestion of the geological rapidity of 
completion of an erosion cycle in a region 
near the sea and of a sequence of diastrophic 
rhythms there recorded.” Here too there is 
considerable manuscript that will be published 
later on. 

Finally, the evolutionary problems con- 
nected with paleontology claimed his interest, 
and he has presented evidence to show that 
fishes probably arose in the early Paleozoic in 
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the fresh waters of the lands, and thence 
migrated to the seas. Also that lungs devel- 
oped out of air-bladders in water-breathing 
animals caught in recurrent epochs of semi- 
aridity. Such great environmental changes 
brought about the necessity for change from 
a water habitat to seasonal dry ones, and 
hence “the piscine fauna which endured these 
conditions came through profoundly changed.” 
The primitive sharks of Silurian time, having 
no air-bladder, “ were driven to the seas. The 
fresh-water fishes which remained were ganoids 
and dipnoans, fishes with air-bladders efficient 
for the direct use of air.” Finally, from cross- 
opterygian ganoids, under the stimulus of the 
semiaridity of the Devonian, there emerged 
the amphibians, able to carry forward their 
activities as terrestrial animals. 

Similarly, he held that man was brought 
to his present high physical and mental state 
not merely as the “ product of time and life,” 
but that he is “ peculiarly a child of the earth 
and is born of her vicissitudes.” The chang- 
ing climates during the Pliocene and Pleisto- 
cene, acting upon the vegetation of these 
times, caused the prevalent forests of Asia, he 
thinks, to dwindle away, producing “a rigor- 
ous natural selection which transformed an 
ape, largely arboreal and frugivorous in habits, 
into a powerful, terrestrial, bipedal primate, 
largely carnivorous in habit, banding together 
in the struggle for existence, and by that 
means achieving success in chase and war. 
The gradual elimination, first of the food of 
the forests, iastly of the refuge of the trees, 
through increasing semiaridity, would have 
been a compelling cause as mandatory as the 
semiaridity which compelled the emergence of 
vertebrates from the waters, transforming 
fishes into amphibians.” 

CHARLES SCHUCHERT 

YaLe UNIVERSITY 


SCIENTIFIC EVENTS 
THE SOLAR ECLIPSE! 
TELEGRAMS received by the Astronomer 
Royal report that at the station at Sobral, in 
Brazil, occupied by Dr. Crommelin and Mr. 
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Davidson for photographing the field of stars 
round the sun on the occasion of the total 
eclipse of the sun last week (May 29), the sky 
was clear for at least part of totality, and that 
the program was satisfactorily carried out. 
The photographs have been developed, and all 
the stars expected are shown on the plates 
taken with the astrographic lens, as well as 
on those taken with a second telescope lent by 
Father Cortie. The expedition will remain at 
Sobral until the necessary comparison photo- 
graphs are taken in situ. The message from 
Professor Eddington at Prince’s Island, off the 
coast of West Africa, which reads “ Through 
cloud, hopeful,” may be taken to imply that 
some success will also be derived from the 
work of this expedition. 

It will be remembered that Professor Ed- 
dington and Mr. Cottingham were provided 
with the 13-inch object-glass of the astro- 
graphic telescope of the Oxford University Ob- 
servatory, whilst the observers in Brazil had 
the similar object-glass from Greenwich, and 
that the program of both stations was to take 
photographs of the stars that surrounded the 
sun, of which there are at least twelve within 
190’ of the sun’s center of photographic mag- 
nitude ranging from 4.5 to 7.0, for the pur- 
pose of testing Einstein’s relativity theory of 
gravitation, and also the hypothesis that 
gravitation, in the generally accepted sense, 
acts on light. Photographs that have been 
taken during the eclipse will be compared with 
others that have been, or will be, taken of the 
same stars in the night sky to detect any dis- 
placement that may be considered to be due to 
the presence of the sun in the field. 

There is at present no information as to the 
type of the corona, and apparently few observ- 
ing parties have been organized to make ob- 
servations to record this. From a note in the 
daily press last week, said to emanate from the 
Yerkes Observatory, it seems not unlikely that 
a large prominence may have been on the 
limb of the sun at the time of the eclipse. 

It had been announced that the Cordoba Ob- 
servatory would dispatch an expedition to 
Brazil, and that possibly Professor Abbot, of 
the Smithsonian Institution, would proceed to 
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La Paz, Bolivia, where the eclipse happened at 
sunrise, with coronal cameras and with instru- 
ments for measuring the sky radiations by day 
and night, but it is too early to have heard of 
any results of such observations. Also it has 
been announced that Professor D. P. Todd 
would take photographs of the eclipse from an 
aeroplane at a height of 10,000 feet from the 
neighborhood of Monte Video, where the 
eclipse would only be partial. 


REVISTA MATEMATICA HISPANO-AMERICANA 

Unper the above title a new mathematical 
periodical began to appear at the beginning 
of the present year, which may be of some 
general scientific interest both on account of 
territory covered by its title and also on ac- 
count of some of its unique aims. One of 
these is the publication of corrections of errors 
found anywhere in the mathematical litera- 
ture. These corrections are to appear in a 
special section headed Glosario Matematico. 

While mathematics is an exact science its 
literature is by no means free from differ- 
ent types of errors, varying from slight 
oversights to those relating to matters of 
fundamental importance. The majority of 
these errors are readily recognized by the 
careful reader and need only to be pointed out 
to be acknowledged; but, as mathematics 
grades gradually into various inexact sciences 
—such as philosophy, history and physics—it 
is clear that a part of its literature relates to 
the eternal approximations towards an un- 
stable limit and here the question of errors 
connects up with endless words. 

The corrections in the Revista, published at 
Santa Teresa, 8, Madrid, Spain, are supposed 
to be confined to the former type of errors and 
these corrections may serve the double purpose 
of curtailing the repetition of such errors and 
of pointing out somewhat slippery ground in 
mathematical fields. It is also of interest to 
walk securely over ground where experts 
slipped by overlooking lurking dangers which 
their slipping caused to change to well- 
marked pitfalls. 

General interest in this new mathematical 
periodical may perhaps be enlisted by the can- 
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did manner in which the unfavorable mathe- 
matical situation among the Spanish-speaking 
people is depicted in a short note appearing in 
the first number of this journal. The com- 
paratively slight contributions made by these 
people along the line of mathematical re- 
search stands in great contrast with the large 
advances made by the people living immedi- 
ately north of Spain. 

One of the most important steps towards the 
remedy of an unfortunate public situation is 
to exhibit the great need of such a remedy. It 
is hoped that the present journal may be suc- 
cessful in this direction and also in awakening 
interest in a field which is so fundamental for 
the further scientific development of the peo- 


ple using the Spanish language. The editor 
of the journal is J. Rey Pastor. 
G. A. MILLER 


EXPEDITIONS OF THE CALIFORNIA ACADEMY 
OF SCIENCES 


Miss Auice Eastwoop, curator of botany, of 
the California Academy of Sciences, has just 
returned from a three months’ study of the 
flora of Arizona and New Mexico. Miss East- 
wood’s special mission was to collect trees and 
shrubs but chiefly cottonwoods for Professor 
C. S. Sargent of the Arnold Arboretum .in 
connection with the revision of his Trees of 
North America. At the same time Miss East- 
wood made important additions to the her- 
barium of the academy. 

The academy is undertaking exploration 
work this summer in lower California. Mr. 
Joseph R. Slevin, assistant curator of the de- 
partment of herpetology, sailed on June 14 on 
the steamer Alliance for La Paz, Mexico, with 
the purpose of investigating the reptiles and 
amphibians of the cape region of the penin- 
sula. Mr. Slevin is accompanied by Mr. 
Gordon F. Ferris, instructor in entomology of 
Stanford University. Mr. Ferris is commis- 
sioned by Stanford University to make a spe- 
cial study of the scale insects of the region 
and will also collect for the departments of 
entomology and invertebrate zoology of the 
California Academy of Sciences. This work 


will be chiefly in the lower third of the penin- 
sula and will require about three months time. 
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Dr. Roy E. Dickerson, honorary curator of 
the Department of Invertebrate Paleontology, 
sailed May 31 with Mrs. Dickerson for Manila, 
Philippine Islands. Dr. Dickerson will make 
an investigation of the Phillippine Islands 
with a view to the location of oil deposits. 
During Dr. Dickerson’s connection with the 
California Academy of Sciences as curator of 
the department of invertebrate paleontology 
important research work was carried on in the 
geology of the Pacific coast area, which re- 
ceived publication in the Proceedings of the 
academy. These papers are much in demand 
at present by the commercial interests en- 
gaged in oil production. 


FOREIGN DELEGATES AND GUESTS AT THE AT- 
LANTIC CITY MEETING OF THE AMERICAN 
MEDICAL ASSOCIATION 

Puysicians from fourteen foreign countries 
were in attendance at the meeting. Apart from 
Canadians they were as follows: 


Lehman, Wilmer §S.,° Lolodorf, Cameroon, W. 
Africa. 

Casier, Baron Ernest, Belgium. 

Depage, Antoine, Belgium. 

Duesberg, J., Belgium. 

Melis, L., Brussels, Belgium. 

Nolf, P., Brussels, Belgium. 

Sand, Réné, Brussels, Belgium. 

Captain Van de Velde, Belgium. 

Chutro, Pedro, Buenos Aires. 

Lee, 8. T., Peking, China. 

Leonard, Eliza E., Peking, China, 

Ming-Shao, Hsu, China. 

Peter, William Wesley, Shanghai, China. 

Ting-han, Chang, China. 

Almila, E., Havana, Cuba. 

Carrera, Julio, Cuba. 

Fernandez, Francisco M., Havana, Cuba. 

Guiteras, Juan, Cuba. 

Martinez, Emilo, Cuba. 

Somodevilla, Santiago U., San Luis, Cuba. 

Kingman, E. L., Zaruma, Ecuador. 

Brown, W. Herbert, Glasgow, Scotland. 

Dimsey, Edgar R., British Admiralty. 

Groves, Ernest W. Hey, England. 

Hurst, Arthur F., England. 

Lane, Sir William Arbuthnot, England. 

Murphy, Shirley, England. 

Newsholme, Sir Arthur, England. 

Rose, Frank A., London, England. 
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Thompson, Sir St. Clair, London, England. 
Bégouin, Paul, Bordeaux, France. 
Lemaitre, Fernand, France. 

Picqué, Robert, Bordeaux, France. 
Alexion, Alexander, Greece. 
Constas, John, Greece. 

Allen, Belle Jane, Baroda, India. 
Fletcher, A. G., Taiku, Japan. 
Kamaimura, Asajiro, Tokio, Japan. 
Kodama, Ryuzo, Japan. 

Uchimo, Senichi, Tokio, Japan. 
Holst, Peter F., Norway. 

Muro, Felipe, Lima, Peru. 

Ingvar, Sven, Lund, Sweden. 


HONORARY DEGREES AT YALE UNIVERSITY 


At the commencement exercises on June 18 
Dr. Theodore Salisbury Woolsey, professor of 
international law, emeritus, in presenting can- 
didates for honorary degrees said as public 
orator: 

MASTER OF ARTS 

Orville Wright: The survivor of two broth- 
ers who by their mechanical skill, ceaseless 
experimentation and accumulated knowledge 
of physics, have led the way in mastering 
human flight. The inventive genius of Mr. 
Wright in a brief sixteen years has filled the 
sky with its creations, has changed the meth- 
ods of warfare, has captivated the youth of all 
lands and now ventures to cross the ocean. 

Samuel Hosea Wadhams: A graduate of 
Sheffield, in 1894, a surgeon in the regular 
army, serving in the Spanish War, early sent 
to France as an observer, placed later on the 
General Staff, in tact, in vision, in ability pre- 
eminent, Colonel Wadhams, more than any 
one else, has shaped the policy of his depart- 
ment. During our share in the war, he has 
borne the entire responsibility for the wounded 
in the battle area, has won the admiration of 
his fellow workers and has earned the honor 
which his university desires to pay. 


DOCTOR OF SCIENCE 

Samuel Wesley Stratton: Mathematician, 
physicist, professor in the Universities of IIli- 
nois and Chicago, a naval officer in the Span- 
ish war, since 1901 director of the National 
Bureau of Standards in weight and measures. 
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Dr. Stratton’s work in this bureau has been 
conspicuous and constructive, recognized be- 
yond our own limits, vitally important in war 
and war research. A man weighed in the 
balance and not found wanting. 

Harvey Cushing: Son of Yale and Harvard 
professor, a leader in the new field of neuro- 
logical surgery, in operations of the brain pre- 
eminent, surgeon in chief of the model Brig- 
ham Hospital, honored at home and abroad. 
Colonel Cushing served with the French in 
1915 and 1917, with the British at Messines 
and Passchaendaele, being mentioned in dis- 
patches. At this time organizing intensive 
study of penetrative skull wounds, he reduced 
their mortality by one half. Under our own 
flag he became chief consultant in neurolog- 
ical surgery for the A. E. F. A gentleman, 
a bold investigator, an artist in the operative 
field. 


SCIENTIFIC NOTES AND NEWS 


Princeton University has conferred the 
doctorate of science on Dr. John M. Clarke, 
director of the State Museum of New York, 
and the degree of master of arts on Mr. Lester 
E. Jones, director of the U. S. Coast and 
Geodetic Survey. 

Dr. Davy F. Houston, secretary of agricul- 
ture, has received the degree of LL.D. from 
Brown University. 

THE honorary degree of doctor of science 
has been conferred upon Dr. Raymond Foss 
Bacon, director of the Mellon Institute of In- 
dustrial Research, by De Pauw University. 

On the occasion of the annual commence- 
ment of the University of Pittsburgh on June 
13, the honorary degree of doctor of engineer- 
ing was conferred upon Mr. Vannoy H. Mann- 
ing, director of the United States Bureau of 
Mines, in recognition of his noteworthy accom- 
plishments in the investigation of problems of 
mineral technology. The university also con- 
ferred the honorary degree of doctor of chem- 
istry upon Dr. Willis R. Whitney, director of 
the Research Laboratory of the General Elec- 
tric Company, Schenectady, New York, be- 
cause of the valuable service which he ren- 
dered to the government as a member of the 
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Naval Consulting Board. These honorary de- 
grees were given upon the recommendation of 
the Mellon Institute of Industrial Research, 
an integral part of the University of Pitts- 
burgh. 


DurHaM University has conferred its doc- 
torate of science on Sir E. Rutherford, Sir G. 
T. Beilby, Professor A. A. Herdman and Pro- 
fessor J. J. Welsh. 


Sm J. J. THomson has been appointed a 
member of the advisory council to the com- 
mittee of the privy council for scientific and 
industrial research. 


Dr. Gispert Kapp is about to resign the 
professorship of electrical engineering in the 
University of Birmingham. 


Proressor Robert W. Wilson has retired 
from the chair of astronomy at Harvard Uni- 
versity. 


THE Royal Society of Arts, London, has 
awarded its Albert medal for 1919 to Sir Oliver 
Lodge “in recognition of his work as the 
pioneer of wireless telegraphy.” The medal 
was instituted in 1864 to reward “ distin- 
guished service in promoting arts, manufac- 
tures and commerce.” 


Proressor G. Situ has been elected 
president of the Manchester Literary and 
Philosophie Society. 


Dr. Ray Lyman Wizpur, president of Stan- 
ford University, who has always taken partic- 
ular interest in the sociological problems con- 
nected with diseases, has been elected presi- 
dent of the California State Conference of 
Social Agencies. 


At the annual meeting of the Linnean So- 
ciety on May 24, Dr. A. Smith Woodward, of 
the British Museum of Natural History, was 
elected president. 

CuarLeEs W. LENG, secretary of the New 
York Entomological Society and research asso- 
ciate in the American Museum of Natural His- 
tory, has been appointed director of the Mu- 
seum of the Staten Island Institute of Arts 
and Sciences. Mr. Leng has been interested 
in the natural history of Staten Island, where 
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he was born and lives, since boyhood. Ento- 
mologists and other naturalists, visiting New 
York City, can reach the museum of the in- 
stitute by a pleasant half hour’s sail across 
the bay on the Staten Island ferry. 


UNIVERSITY AND EDUCATIONAL 
NEWS 


Amone the gifts announced at the com- 
mencement of Harvard University were the 
following: From the estate of Mrs. Robert D. 
Evans, $15,687; one half each to the Arnold 
Arboretum and the Dental School. The James 
C. Melvin Fund, anonymous $53,750 for trop- 
ical medicine. Anonymous gift of $11,250 for 
the departments of agriculture and landscape 
architecture. Estate of Mrs. Charles H. Col- 
burn, $97,052, for the study of tuberculosis. 
Mrs. Winthrop Sargent, $27,500, of which $25,- 
000 goes to the Blue Hill Observatory. From 
the Nathaniel Canners’ Association, $15,000 
for studies in public health. 


Dr. LeRoy S. Pater, assistant professor of 
dairy chemistry in the college of agriculture 
of the University of Missouri, has been ap- 
pointed associate professor of agricultural bio- 
chemistry in the college of agriculture, Uni- 
versity of Minnesota, and dairy chemist in 
the Minnesota Agricultural Experiment Sta- 
tion. George E. Holm, Ph.D., Minnesota, 1919, 
has been appointed assistant professor of agri- 
cultural biochemistry and assistant agricul- 
tural biochemist in the Experiment Station. 
He will devote his time almost exclusively to 
research on the proteins. 


A. F. Kipper has resigned as professor of 
agronomy in the college of agriculture of the 
Louisiana State University to accept the posi- 
tion of agronomist and assistant director of 
the State Agricultural Experiment Station, 
Baton Rouge. 


Dr. ALBERT SCHNEIDER, of the pharmaceut- 
ical department of the University of Cali- 
fornia, will go next September to the Univer- 
sity of Nebraska as professor of pharmacog- 
nosy and director of the experimental medici- 
nal plant garden. 
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Proressor H. H. CuHapMan returns to the 
Yale Forest School to assume his duties as 
Harriman professor of forest management. 
He has been assistant district forester, in 
charge of silviculture at Albuquerque for the 
past two years. 


AT the recent commencement the following 
appointments were made in the department of 
zoology, college of liberal arts, Syracuse Uni- 
versity: Dwight E. Minnich, Ph.D. (Harvard, 
17), of Oxford, O., instructor in zoology; 
Harry S. Pizer, M.Se., of Brooklyn, N. Y., as- 
sistant in zoology. 


Dr. Frank A. Hartman, of the department 
of physiology, the University of Toronto, has 
been appointed head of the department of 
physiology at the University of Buffalo. 


CoLtoneL J. G. Anami, F.R.S., professor of 
pathology, McGill University, Montreal, has 
been elected vice-chancellor of the university 
in succession to Sir Albert Dale. 


Proressork GRAFTON ELuiot SMITH, pro- 
fessor of anatomy in the University of Man- 
chester, has been appointed to the chair of 
anatomy at University College, London. 


DISCUSSION AND CORRESPONDENCE 
TECTONIC FORM OF THE CONTINENTS 


Our prevailing notion concerning conti- 
nental mass is strictly geographic in signifi- 
cance. In our definition tectonics finds no 
place. Relation of sea and land is made causal 
and essential; whereas it is only accidental and 
trivial. The outstanding feature is a broad 
basin with high mountainous rim and a low 
sea-level interior. This is a statement of ‘the 
observation of the late Professor J. D. Dana. 
In its larger, or telluric, aspects this definition 
is genetically without meaning. 

In the final analysis of the major relief fea- 
tures of our globe the hydrosphere is for sim- 
plicity’s sake left out of account. The effect 
then is as if the entire face of the earth were 
a land area. A condition is premised anal- 
ogous to that of our waterless moon. Genet- 
ically the oceans serve only to obscure the 
tectonic essentials of relief expression. 
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Recent experimental reproductions, in sphe- 
roidal masses, of those broad basinal tracts that 
correspond to the oceanic depressions of the 
geoid are accompanied by results having 
curious significance. They point to the fact 
that we shall have to modify our basic concep- 
tions concerning all: the major deformations 
of the earth’s crust. 

Instead of distinguishing between continen- 
tal elevations and oceanic depressions, a cir- 
cumstance imposed by an unweening impor- 
tance attached to the presence of the sea, a no- 
tion handed down from time immemorial, the 
proper discrimination to be made is between 
the cordilleran ridges of the continental bord- 
ers and the intervening lowlands, whether 
above the level of the waters in the continental 
interiors, or beneath sea-level in the oceanic 
areas. On this basis the tracts which we are 
accustomed to designate the oceanic depressions 
and the sea-level interiors of the continents are 
arranged in the same taxonomic category. 
Consideration of any such datum plane as sea- 
level may be with full propriety entirely neg- 
lected. The meridional disposition of the con- 
tinents thus comes to be readjusted as rela- 
tively narrow orographie ridges in place of 
broad basin-shaped plateaus. 

The tectonic consideration of a waterless 
earth casts a new light upon the schematic 
form of our globe. In its logical consequences 
the contractional hypothesis finds expression 
in such figments of the imagination as the 
reseau pentagonal of Elie de Beaumont, and 
the tetrahedral globe of Lothian Green. To 
be sure the form known as the tetrahedron is 
of all geometric solids the one form which 
possesses the least volume in comparison with 
a given surface area, while ‘the sphere contains 
the greatest bulk within the same surface; yet 
the collapse of the latter is not necessarily a 
crystallographic shape as that indicated by the 
former. 

In the present state of our knowledge any 
schematic form of our earth is largely conjec- 
tural. However, it is suggested lately that in 
the case of a collapsing spheroid the initial 
tendency towards a faceted form would prob- 
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ably not be directly in the line of any limiting 
shape, as a four-sided figure, but towards 


something intermediate between a limiting ° 


shape and the most general form, or a figure 
having twelve or twenty-four faces. That the 
rhombic dodecahedron is possibly the real 
plan, if there be any, although having in na- 
ture curved surfaces, seems to be borne out 
by the trend of the chief mountain ranges of 
the world, and by the situation of the main 
voleanic activities at the sharp solid angles or 
the points where each set of faces intersect. 
Viewed, then, in their telluric relations the 
continents are probably best regarded not as 
broad basins with upturned rims but as some- 
what irregular, interrupted, meridianally dis- 
posed ridges. These ribs appear to be di- 
rectly traceable in their genesis to released 
cumulative tension that depends upon the 
secular retardation of the earth’s rotation. 
CHARLES KEYES 


AMERICAN ASSISTANCE FOR RUSSIAN 
EDUCATIONAL INSTITUTIONS 


To THE Epitor or SciENcE: Revolution, war 
and anarchy threw Russia out of the rut of 
normal life. And in no phase of Russia’s na- 
tional life have the results been so disastrous 
as in public education, which can not be 
placed again on an adequate and normal foot- 
ing without the assistance of the Allies. 

Just before the war, there was adopted a 
plan for universal education, also for opening 
a number of higher institutions of learning, 
especially, technical and agricultural colleges. 
These educational institutions are open, but 
on account of complete lack of the supplies 
needed for conduct of studies and practical 
work of the students, and, because it has been 
impossible to obtain apparatus, tools, etc., 
from Germany and Austria whence they for- 
merly came, it becomes necessary to conduct 
the studies one-sidedly and incompletely and 
it is difficult to expect good results from such 
studies. 

There is only one way of obtaining such 
supplies for Siberia, where several higher in- 
stitutions of learning have recently been 
opened, and that is to purchase the supplies in 
the United States where, at present, most of 
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the laboratory instruments and other technical 
supplies, so far as I know, are manufactured 
and are quite satisfactory as to quality. 

The writer, who came to this country as the 
representative of the Ministry of Agriculture, 
would like to dwell upon this mattter in refer- 
ence to the laboratories and institutions in 
different branches of agriculture and experi- 
mental stations and also to throw light upon 
the general aspect of this question. 

Equipment of the Russian educational in- 
stitutions with necessary supplies is further- 
more complicated by other circumstances, such 
as: lack of means and complete impossibility 
of making purchases for cash owing to very 
low exchange rate of the rouble at the present 
time. And, meanwhile, the matter of educa- 
tion is urgent and a way out of this difficult 
situation is possible only in case the American 
scientific and academic circles would realize 
that the problem of education in Russia at 
present is tragic, if they would have a desire 
to come to aid and organize such aid. 

During the difficult struggle against the 
Bolsheviki, Siberia had an opportunity to be- 
come acquainted with and learned to appre- 
ciate the brotherly assistance of the American 
Red Cross in the matter of organizing hos- 
pitals and havens for refugees. The scientific 
educational matters as well as the work of the 
Red Cross may and must be outside of poli- 
ties. It is sufficient to be in sympathy with a 
people in order to come to their assistance. 
And, if my American academic colleagues 
share this point of view and would give an 
impetus to this new movement in the matter 
of spiritual aid to Russia, then, I am firmly 
convinced, the Americans would organize this 
aid in as splendidly efficient a way as they have 
organized the Red Cross. 

It is, however, self-evident that this aid 
must be given on an entirely different basis. 
There could be no question of charity, but 
simply the matter of facilitating the purchase 
of the necessary technical equipment by per- 
mitting purchases to be paid for in instal- 
ments. 

I do not, by any means, offer my suggestion 
as the only feasible plan, but would only like 
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to indicate a plan which, it seems to me, could 
be realized and would suggest that it would be 
possible to work along the following lines: 
Let a competent American scientific-academic 
organization take up this matter. The writer 
can make a formal request on behalf of the 
Russian Ministry of Agriculture and the Min- 
istry of Education. If the organization in 
question regards the matter favorably, 7. e., it 
decides that it is expedient and necessary to 
render those portions of Russia which had 
been freed from the Bolshevik domination, 
assistance in the purchase of the books, the 
instruments, the glassware and other tech- 
nical equipment for institutions of learning, 
laboratories and experimental stations, let 
such an organization enter into negotiation 
with firms who manufacture and supply the 
American scientific-academic institutions with 
technical supplies. The purpose of these nego- 
tiations would be the arrangement of easy 
terms of payment on the purchases which 
would be necessary. Further negotiations 
could be carried on by an authorized person 
who has lists of necessary articles and who 
might be assisted by the Russian Economic 
League or some other institution which does 
purchasing of different commodities for 
Russia. In this way, it will be something 
like a loan in goods, such loan being made 
with the spiritual aid of American scientific 
and academic circles and with certain con- 
cessions on the part of the American firms. 

It might be mentioned that such concession 
should prove a very good business investment, 
since it would be an excellent foundation for 
substituting American apparatus and tools for 
the German articles which are the only ones 
used in Russian schools so far. This con- 
cession would be practically an equivalent of 
advertising American supplies in Russian edu- 
cational institutions. The very fact of equip- 
ping the Russian institutions of learning with 
American supplies and having the Russian in- 
structors work with the American-made ap- 
paratus and tools clears the way for general 
adoption of American apparatus and tools in 
Russia. The habit of using a certain kind of 


apparatus plays a more important part than 
may be supposed at first sight and it seems 
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that the time is ripe now to introduce in 
Russia the habit of using the products of 
American genius and industry. 

I hope sincerely, that the suggestion set 
forth in this letter may be received sympathet- 
ically by the American scientists as well as by 
the special manufacturing and _ publishing 
firms which might be concerned with the 
carrying out of such a plan. I am ready to 
enter into all necessary negotiations in respect 
to this matter and I thank in advance any 
one who will be kind enough to help me with 
advice or suggestion concerning my efforts in 
this direction. N. Boropin 

FLATIRON BUILDING, 

Room 1010, 
New York City 


SCIENTIFIC BOOKS 
The Elements of Astronomy. By CHarues A. 


Younc. Boston, Ginn & Co. 1919. Pp. 
“x + 508. 
Lessons in Astronomy. By Cuartes A. 
Younc. Boston, Ginn & Co. 1919. Pp. 
ix + 420. 


These are new and revised editions of the 
most excellent text-books of the late Professor 
Charles A. Young. From the time this series 
first appeared some thirty years ago, these 
books have held high rank among the many 
that have been written. They show a wide 
grasp of the fundamentals of astronomy, and 
these fundamentals are presented to the stu- 
dent in a clear and comprehensive manner. 

The author’s presentation of the problems 
involved in the study of the motions of the 
planets is especially noteworthy. For the 
mathematician these motions involve the 
greatest complications and require the most 
intricate formulas, yet Professor Young places 
the essential facts before the student in a 
simple and clear manner. By the aid of a few 
diagrams and some apt illustrations, the fun- 
damentals of celestial mechanics are ex- 
plained, and explained so clearly that the 
youngest student should have no difficulty in 
understanding the problems and in grasping 
the essential facts and principles. 

The present edition was revised by Miss 
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Anne S. Young, who retained the greater part 
of the original text and made such changes 
only as were necessary to bring it down to 
date. In general the changes were made with 
discrimination and the text shows an im- 
provement. Astronomy, however, is not a 
complete science, and changes and improve- 
ments are continually being made. This is 
especially true of the applications of astron- 
omy to practical matters. In some cases there 
have been marked improvements in the ideas 
and methods of thirty years ago, and too rigid 
an adherence to the original text on the part 
of Miss Young detracts from the general ex- 
cellence of the revision. In the discussion of 
the tides, for example, there has apparently 
been no change, and the old theory of a world 
tide, originating in the Pacific and Indian 
Oceans, has been adhered to. No mention is 
made of the new theory advanced by the 
Coast and Geodetic Survey that the tides are 
purely local phenomena; that the tides of each 
locality originate in and are confined to that 
ocean basin of which the particular locality 
is a part; that the tides of the North Atlantic 
have no connection with those of the Pacific. 

The “ Lessons” are for beginners, the “ Ele- 
ments” for the more advanced students. Both 
books are excellent and no better text-books 
have yet appeared for these classes of students. 


CuarLes LANE Poor 


SPECIAL ARTICLES 


FURTHER STUDIES IN COLLOID CHEMISTRY 
AND SOAP 


Tue following summarizes experimental 
findings and theoretical deductions which con- 
tinue studies reported in these pages last 
year. 

I 

Our previous work had emphasized not only 
how from pure soaps and water most typical 
lyophilic colloid systems may be produced but 
in what way the chemical constitution of the 
soaps and variations in concentration, tem- 


1Martin H. Fischer and Marian O. Hooker, 
‘*Ternary Systems and the Behavior of Proto- 
plasm,’’ Science, 48, 143, 1918. 
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perature, presence of electrolytes and non- 
electrolytes, etc., changes the physical prop- 
erties of these colloid systems. Practically all 
attempts to explain such changes are to-day 
electrical in nature. Without denying that 
electrical phenomena sometimes play a réle, 
our newer experiments show that it may be 
very small or need not function at all. 

Typical lyophilic colloid systems may be 
made of pure soaps in the practical or com- 
plete absence of all water. The pure soaps 
yield such colloid systems with the various 
absolute alcohols, benzene, toluene, chloroform, 
carbon tetrachloride and ethyl ether. We feel 
that our future definitions of lyophilic colloid 
systems and the understanding of their proc- 
esses of swelling, gelation, syneresis, reversi- 
bility of sol and gel states, hysteresis, etc., _ 
must be expressed in the broader terms of 
mutual solubility. As the hope of getting all 
phenomena of “ solution ” reduced to electrical 
terms seems remote, the hope of getting these 
fundamental colloid chemical findings reduced 
to a similar level seems equally remote. 

Of the list of effective “solvents,” the alco- 
hols have received most study. The solvation 
capacity of the different soaps (as measured 
by the maximum amount of alchohol that will 
be taken up to yield a “dry” or non-syneretic 
gel at ordinary temperatures) varies in the 
case of absolute ethyl aleohol for molar equiv- 
alents of the sodium soaps of the acetic series 
of fatty acids from practically zero in the 
lowermost member to over 27 liters per gram 
molecule in the case of sodium arachidate. 
When the solvation capacity of unit weights 
of any one soap for different alcohols is com- 
pared, it is found that this is different not 
only as mon-, di- or triatomic alcohols are 
used but different, also, for the different alco- 
hols in any one of the series. For the mona- 
tomic alcohols, for example, the solvation 
capacity increases progressively and smoothly 
as the position of the alcohol rises in the 
series. A gram of sodium stearate will just 
form a gel at room temperature, for example, 
with 50 «ec. of methyl alcohol, but the same 
amount of the same soap will form a gel with 
over 132 c.c. of amyl alcohol. When sodium 
oleate is the soap employed all the absolute 
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absorption capacities for the different alcohols 
lie lower, but their order remains the same 


If we attempt to say why we obtain these 
typical colloid systems from such a variety of 
materials we may begin with the fundamental 
and now generally accepted conclusion that 
colloid systems result whenever one material 
is divided into a second with the degree of 
subdivision coarser than molecular. A sus- 
pension colloid results whenever the colloid- 
ally dispersed phase is not a solvent for the 
“ dispersing medium”; a hydrophilic or lyo- 
philic colloid whenever the dispersing medium 
ts such a solvent (and independently of the 
fact that the subdivided phase is solid, liquid 
or gaseous at the temperature employed). 
When soap is dissolved in acetone and the 
temperature is lowered the soap falls out as a 
colloidally dispersed suspension colloid because 
the acetone is not soluble in the soap; but the 
same soap dissolved in an alcohol, toluene or 
carbon tetrachloride, comes out as a lyophilic 
colloid because these solvents are soluble in 
the precipitating soap. 

But the physical characteristics of the ulti- 
mately resulting system are not yet explained 
when we have thus taken into account the 
mutual solubility characteristics of their 
phases. In any given case, as with a given 
soap and its “solvent,” four possible results 
and consequently four main types of ultimate 
system may be foreseen. At the top exists a 
non-colloid, “ molecular ” or “ ionized” “solu- 
tion ” of soap (soaped-solvent). For example 
may be cited a fairly concentrated solution of 
soap at a higher temperature. At the bottom 
is found another “solution” but of the sol- 
vent in the soap (solvated-soap). Between 
these extremes exist two main types of mixed 
systems, namely, one below the top which is 
a dispersion of solvated-soap in soaped-solvent, 
and another, above the bottom, which is a 
dispersion of soaped-solvent in solvated-soap. 
These are respectively the sols and gels about 
which we talk. A concentrated solution of 
soap in any solvent, it will at once be apparent, 
passes successively, on lowering of the tem- 
perature and when not too much solvent is 
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used, from the top of this series through the 
two middle zones to the bottom. 

All the systems below the true solution at 
the top and above the true solution at the 
bottom are “colloid.” Gel formation is char- 
acteristic of the middle zones. Such gels are 
“ dry ” anywhere below the point where enough 
solvated-soap falls out on lowering the tem- 
perature to yield a continuous external phase 
enclosing the soaped-solvent. Just above this 
point they sweat, the amount of such “ synere- 
sis” obviously increasing progressively as the 
amount of solvated-soap becomes inadequate 
to form a continuous external phase. If the 
“ syneresis ” is very great we no longer apply 
the term, for the syneretic liquid (soaped- 
solvent) now forms the continuous external 
phase. The colloid system is said to have re- 
mained or to have passed into the “sol ” state. 

Since change or rate of change in tempera- 
ture (as well as other factors) affects the 
solubilities of the two phases in each other 
unequally it is obvious that the sum total 
of changes in any system need not be identical 
at any given moment and at any given tem- 
perature when the temperature is being ap- 
proached from a higher level with the sum 
total of these same changes when the same 
temperature is being reached from a lower 
level. The attainment of equilibrium takes 
time and so the systems hold over the char- 
acteristics of the systems from which they 
came. This is the “hysteresis” of lyophilic 
colloid systems. 

Im 

The effects of adding different hydroxides 
and different neutral salts in increasing con- 
centration to standard soap “solutions” has 
received further study. In order to under- 
stand the effects observed and their explana- 
tion it is well to divide the experimental find- 
ings into three groups while keeping in mind 
the solubility characteristics of the pure soaps 
themselves in water and for water.? 

1. Soaps are formed more soluble in the dis- 
persion medium. The viscosity of the soap 
mixture regularly falls. This happens when 


2 See our previous paper, Martin H. Fischer and 
Marian O. Hooker, Science, 48, 143, 1918. 
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ammonium hydroxide is added in any amount 
whatsoever to a potassium or sodium soap, 

2. Soaps are formed less soluble in the dis- 
persion medium. This is observed when mag- 
nesium, calcium, iron or copper salts are added 
to a solution of sodium or potassium oleate. 
The systems as a whole again become more 
liquid though not in this instance because the 
soaps are better “dissolved” in the solvent 
but because they fall out and allow the vis- 
cosity of the pure solvent (essentially salt 
water) to come to the front. 

3. The change in kind of soap is negligible 
or absent. This happens, for example, when a 
neutral potassium salt or potassium hydroxide 
is added to a potassium soap. Under these 
circumstances the most interesting of all 
series of changes are to be noted with in- 
creasing concentration of the added material. 
There is, first, an increase in viscosity which, 
if the amount of solvent is not too great, 
results in gelation, followed by a secondary 
liquefaction and then a progressively in- 
creasing separation of soap from the disper- 
sion medium until it finally floats as a dry 
mass upon the underlying solution of salt or 
alkali. 

If, in explanation, we do not wish to make 
too many violent assumptions the following 
seems a reasonable way out. The fixed alka- 
lies and the various neutral salts are hydrated 
in water. As more and more salt is added the 
number of such hydrated particles (or their 
size) increases. The effect is two-fold. 
Through deprivation of solvent the concentra- 
tion of the soap is increased while the par- 
ticles of hydrated salt remain emulsified in 
the hydrated soap.? This emulsification (with 
the increase in the concentration of the soap 
itself) accounts for the initial increase in vis- 
cosity. As more salt is added the hydrated 
salt phase attains a value which makes the 
particles begin to touch. The hydrated soap 
now becomes the internal phase and the hy- 
drated salt the external one. This change in 
type of emulsion explains the secondary lique- 

3 Regarding the making and breaking of emul- 
sions, see Martin H. Fischer and Marian O. 
Hooker, Science, 43, 468, 1916; ‘‘Fats and Fatty 
Degeneration,’’ 29, New York, 1917. 


SCIENCE 


617 


faction of the gel, a characteristic of these 
systems not previously noted so far as we are 
aware. More salt increases further the hy- 
drated salt phase which now begins to separate 
off at the bottom while the still hydrated soap 
floats to the top. By adding enough salt all 
the water is taken from the soap which then 
floats as a dry layer upon the concentrated salt 
solution. 
IV 

Various incidental observations upon the 
reaction of soap-water systems toward indi- 
eators of various kinds have proved of im- 
portance not only for the theory of these 
systems but for the understanding of various 
biological problems, for living matter, too, as 
so often emphasized, is essentially nothing but 
a hydrophilic colloid system. The findings 
show how dangerous it is to assume that 
physico-chemical methods and opinions (such 
as hydrogen ion determinations) as derived 
from the study of the dilute solutions may, 
without reserve, be applied to living proto- 
plasm. 

To be sure of strictly reproducible ground 
materials we have: always prepared our soaps 
by adding to each other the necessary gram 
equivalents of fatty acid and alkali. Any soap 
as thus formed is either acid, neutral or alka- 
line to such an indicator as phenolphthalein 
depending upon the concentration of the water 
in the system. Phenolphthalein added to a 
concentrated sodium oleate solution remains 
colorless, but this oleate with its contained in- 
dicator turns pink or strongly red as more and 
more water is added to the system. It does 
not suffice to say that a hydrolysis of the soap 
is suppressed in the concentrated solution to 
come to the fore in the dilute solution. It is 
more reasonable to say that when the water 
is dissolved in the soap the system is some- 
thing different from that resulting when the 
soap is dissolved in the water. If a gel of 
sodium stearate is used, direct application of 
phenolphthalein to its fresh section shows the 
framework of the gel (the water-in-soap por- 
tion of the system) to remain uncolored while 
the soap-in-water portion of the system turns 
bright red. 
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A future communication will show how 
these colloid chemical facts may be used in 
the erection of secretory models which, like 
the salivary gland or kidney, yield “secre- 
tions ” either more alkaline or more acid than 
the allegedly neutral (or even acid or alkaline) 
tissues. 

It has proved impossible to find an editor 
with space available for the details of the ex- 
periments outlined above and previously re- 
ported upon. They must in consequence be 
brought out in a book. But since the making 
of such takes time, it has seemed of interest 
to make a preliminary report upon work which 
has at various times been lectured upon to 
different scientific audiences. 


Martin H. FiscHer 


EICHBERG LABORATORY OF PHYSIOLOGY, 
UNIVERSITY OF CINCINNATI, 
May 5, 1919 


THE BUFFALO MEETING OF THE 
AMERICAN CHEMICAL SO- 
CIETY. III 

Testing the mildew resistance of fabrics: F. P. 
VeitcH and S. S. Levine. A method has been de- 
vised for testing the mildew resistance of fabrics 
treated by so-called mildew-proofing processes. The 
method takes into consideration the important de- 
termining mold growth and is conducted in the 
laboratory under conditions which are highly fav- 
orable to the development of mildew and which 
are carefully controlled. It is briefly described as 
follows: Six dises about 3.5 inches in diameter are 
eut from the sample to be tested and soaked in 
running tap water for two or three days in order 
to wash out easily removable fungicides and fer- 
mentable matter. The damp discs are placed in 
petri plates containing ten to fifteen cubic centi- 
meters of agar jelly from nutrient matter. The 
plates are then incubated for seven to ten days 
in a dark chamber at from 20° C. to 25° C. The 
condition of the fabric as to the color, extent and 
character of the growth are observed and recorded. 
Following this pre-inoculation period the discs are 
inoculated with pure cultures of several species of 
molds and reincubated for three weeks to a month 
and examined each week for mold growth. The 
observed conditions are rated on a scale of ten. 
At the conclusion of the tests the discs are washed 
and preserved as records. The test is a severe one 
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which is borne perfectly for the full period only 
by canvas treated by the cupra-ammonium process. 
Its utility has been demonstrated, however, by the 
fact that canvas which gives a rating of 6 or bet- 
ter has not mildewed on exposure to the weather 
at Washington, D. C., during the summer and fall 
months. 


Testing materials for increasing the water re- 
sistance of sole leather: H. P. HotMAN and F. P. 
VeitcH. To determine waterproofing value, several 
pieces of sole leather which are always of the 
same tannage and from the same section of the 
hide but which differ in texture are impregnated 
by immersing in the treating material for ten min- 
utes at 60° C., followed by warming in an oven at 
60° for fifteen minutes. Water absorption is de- 
termined by soaking in water for twenty-four 
hours, with periodical flexing, and weighing the 
wet leather after removing all excess from the 
surface. The leather is also weighed before treat- 
ing, after treating, and in the air dry condition 
after testing. From these weights the quantity of 
treating material taken up by the leather, the ac- 
tual water absorption, and the loss in weight on 
testing are calculated in percentages. The actual 
water absorption is caleulated on the basis of the 
final dry weight. All dry weights should be made 
after exposing the leather to the same atmospheric 
humidity. Eighty samples, including practically 
all the commercial materials used in waterproofing 
sole leather, were tested by this method. Only 
twenty were found to waterproof sole leather 
sufficiently to prevent its absorbing an average of 
more than 35 per cent. of water under the condi- 
tions of the test. This percentage was arbitrarily 
adopted as a limit for satisfactory materials for 
increasing the water resistance of sole leathers. 


Method for determining the water resistance of 
fabrics: P. VertcH and T. D. JarrELu. In de- 
veloping more effective methods of making can- 
vas water- and mildew-resistant, and for testing 
for the War Department deliveries of canvas and 
clothing for water resistance, it was necessary to 
employ methods of testing that are both expedi- 
tious and indicative of the effectiveness and dura- 
bility of the treatment. Modifications of the old 
bag or funnel and of the spray test have been de- 
vised which have proved very satisfactory in that 
all canvas given high ratings by these methods 
have been found to be water resistant during six 
months of outdoor exposure throughout the sum- 
mer and fall. Of the two, the spray test yields 
possibly the most information. Neither the de- 
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termination of permeability to water under pres- 
sure, nor of water absorption added to the infor- 
mation given by the funnel and spray tests. Fab- 
rics widely different in water resistance showed 
practically no difference in the quantity of water 
absorbed in a given time. Details of the methods, 
including the method of making the exposure 
tests, illustrations of the equipment and the scale 
of numerical ratings used, are given in the paper 
which is to be followed by other dealing with 
water- and mildew-proofing treatments and with 
the deterioration caused by such treatments on 
outdoor exposure. 


An impact tester for solid and corrugated fiber 
board: E. O. Reep and F. P. Veitcu. Since the 
usual methods of testing solid and corrugated 
fiber board by determining its bursting strength 
with a Mullen Tester was found unsatisfactory, an 
impact tester has been devised which closely imi- 
tates conditions which fiber board containers must 
meet in actual service. The results obtained are 
stated in terms of the height from which a 2-kilo- 
gram hammer must be dropped in order to drive 
a one kilogram plunger, having a spherical base of 
definite dimensions, through a definite unsupported 
area of the board. The tester should be useful in 
establishing impact requirements of different 
weights of fiber board. Results so far obtained 
indicate that with this tester data are obtained 
which are not only a measure of the bursting 
strength, but also of the resiliency of the board, 
which are the two main factors determining ser- 
viceability. 

Waterproof papers for box lining and bale 
wrapping: F, P. VeitcH and E. O. REED. During 
the war there has been an increased demand for 
waterproof papers for box-lining and bale-wrap- 
ping purposes due especially to the fact that for 
overseas shipment, army and navy supplies had to 
be put in the most compact form and were baled 
whenever it was possible. Many types of wrap- 
ping papers proposed for protecting the contents 
of bales and boxes against moisture have been 
subjected to laboratory and actual bailing tests 
to determine the relative merits of different meth- 
ods of waterproofing and the probable servicea- 
bility of different types of paper as indicated by 
such test. Very definite information on the most 
water-resistant types of wrapping paper has been 
secured. 

Lead-coated Iron (exhibits): CHas. BAsKEr- 
vittE. A process for coating sheet iron, iron wire 
and wire gauze has been worked out depending in 
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part upon dipping the article after the usual pick- 
ling and washing into a solution of antimony 
chloride, thence through a suitable supernatant 
flux into a bath of molten lead or antimony lead, 
withdrawing and quenching in oil. Shingles, 10 X 
16 ins., of 28 g. iron thus coated, painted and un- 
painted, have been exposed to the weather in a 
roof test for two years and eleven months and 
show 100 per cent. efficiency, that is no rust spots. 
The shingles may be bent at various angles without 
cracking the coating and exposing the iron. It is 
superior to and less expensive than tin plates. 
Shingles exposed near the exits of sulphuric acid 
chambers soon show rust, due probably to con- 
densation of nitrous and nitric acids, whose sol- 
vent action on lead is well known. Thin sheet 
iron thus coated is easily pressed into desired 
shapes, for example, hub caps for motor vehicles, 
the lead acting as a lubricant. The pressed article 
lends itself well to nickel plating and subsequent 
burnishing. Wire gauze (chicken wire), thus lead 
coated, is quite as good as the galvanized article 
and cheaper to produce. Heavy steel pipe, 8-inch 
for pipe lines, was not successfully coated for 
practical purposes, due to irregularities in the 
surface and the abrasions produced in the sur- 
face and its softer coating, when chains and tongs 
were applied in screwing the joints together. 
Where iron in juxtaposition to lead is exposed to 
aerated water (practical conditions) through in- 
complete coating (pinholes) or abrasion of the 
lead, the iron rusts more rapidly as it is electro- 
positive to lead. This is also true for tin-coated 
iron, while the opposite is true for galvanized 
iron. However, for some purposes lead-coated 
metal possesses advantages, especially in expense. 
Cast iron requires a preliminary pickling in hydro- 
fluoric acid, when it may be coated by the process 
given, but not perfectly, due to the irregularities 
of surface. However, this thin coating serves as 
a satisfactory binding agent for thick layers of 
lead cast thereon, for example in filter press 
plates. This was found to be true also for the 
rough drilled interior of shells; electrolytically de- 
posited lead, with subsequent burnishing, has been 
found superior for lead coating the interior of gas 
shells requiring such protection. 

Reinforced lead (exhibits): CHAs. BASKERVILLE. 
Lead in large sheets or heavy pipe flows. Vari- 
ous devices, as numerous straps for sheets, serving 
as walls in acid chambers, frequently placed sup- 
ports for pipes, walls of masonry holding sheet 
lead linings in large petroleum refining tanks, and 
so forth, are utilized to reduce the sagging. 
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Vacuum pipes of lead must be of unusual thick- 
ness and great weight to prevent collapsing. Iron 
and steel pipe with lead lining is extensively used, 
the lead protecting the iron or steel, but the latter 
also prevents bulging of the lead when the neces- 
sary pressure is applied to move the liquids thus 
transported. These difficulties have been over- 
come in large part by reinforcing lead with iron 
or steel gauze in much the same manner that glass 
is reinforced by wire netting. Wire netting of 
various sizes of mesh is given a coating of lead 
or lead-antimony, as described in another paper, 
and is imbedded in sheet lead of a thickness about 
one quarter greater than desired, this is then 
rolled while cold. Reinforced lead in sheets 5 ft. 
6 ins., have been made. They may be bent or cut 
as desired. Joints have been burned together or 
finished without leaving any iron exposed. Skele- 
ton frameworks of metal lined with reinforced lead 
sheeting serve as tanks and other containers with- 
out sagging. Eight-inch pipe made of one quarter 
inch thick reinforced lead withstood a pressure of 
eight times that of an eight-inch pipe made of 
seven eighths inch thick lead before collapsing. 


Utilization of asphaltic base acid sludge from 
petroleum: CHAS. BASKERVILLE. Instead of cook- 
ing the asphaltic base residue with the mixed sul- 
phuric acid to carbonization and then burning the 
mass mixed with coal as fuel, the present practise, 
the cooking is carried on at a much lower temper- 
ature and for much shorter time. The acid mass 
separates into three layers, lighter residues being 
on top, and the heavy sulphuric acid being at the 
bottom. These are drawn off, leaving the middle 
' portion of asphaltic material containing 15-25 
per cent. of sulphuric acid. The proper amount 
of dry slaked lime is thoroughly mixed with this 
asphaltic base in a suitable mill. The heat of 
neutralization is sufficient to fuse the asphalt, 
which mixed with the calcium sulphate produced, 
flows into suitable containers, and solidifies on 
cooling. The mass, which contains 20 to 40 per 
cent. of calcium sulphate, may be melted and ap- 
plied where desired, as in the common practise. 
Time tests have demonstrated the value of the 
material thus produced for waterproofing (wood 
and concrete), roofing, road material and as a 
protective covering for metals. The process is 
covered by U. S. Patent 1,231,985. 


Equilibrium studies on the Bucher process: 
Joun B. Fercuson and P. D. V. Mannine. A 
quantitative study of the deleterious effects of 
carbon monoxide in the furnace gases upon the 
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cyanide conversion at two temperatures, 946° and 
1,000° C. The experimental methods employed 
and results obtained will be presented. 

Design for electrically heated bomb for ammonia 
synthesis (lantern): R. O. E. Davis and H. 
Bryan. The bomb consists of a nickel-chromium- 
iron alloy of sufficient strength to withstand sev- 
eral hundred atmospheres pressure. It is elec- 
trically heated by a specially devised heater. The 
method of insulating the walls is shown as are 
also the method of introducing the catalyst con- 
tainer, and the electric leads. 

Purification of compressed gases in testing 
catalysts for ammonia synthesis (lantern): R. O. 
E. Davis. The method used in removal of mois- 
ture, carbon monoxide, carbon dioxide and oxygen 
is described and the type of purification chamber 
used is shown. It is pointed out how necessary 
it is to have very pure gas in the tests. 

Preparation of nitrogen and hydrogen mixture 
by decomposition of ammonia (lantern): R. O. E. 
Davis and L. B. OumMstgeap. A mixture of hy- 
drogen and nitrogen in the proportion of three to 
one is obtained by decomposing liquid ammonia. 
This is accomplished by passing the ammonia over 
heated iron shavings and steel wool. The decom- 
position is almost complete with the apparatus de- 
scribed, furnishing about 1.3 cu. ft. of gas per 
minute. 

Explosion of gases used in ammonia synthesis: 
R. O. E. Davis. A description is given of an ex- 
plosion which occurred in a cotton filter used to 
remove oil and water spray from mixed nitrogen 
and hydrogen at a hundred atmospheres pressure. 

Some chemical needs of the vegetable oil indus- 
try: Davip WESSON. 

CHARLES L. Parsons, 
Secretary 
(To be continued) 
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Educational Psychology 


By DANIEL STARCH, Ph.D., Associate Professor of Psy- 
chology and Education in the University of Wisconsin. Cloth, 
Crown Octavo, 473 pages. Published June 24th. 


““The aim of education is to change human beings for the better so that 
they will have more humane and useful wants, and be more able to satify them.” 
In his new text-book, ‘‘ Educational Psychology,” Professor Starch uses th s de- 
finition by Thorndike as his point of departure. He considers the fundamental 
problems of educational psychology to be the determination of the capacities 
which human beings possess for acquiring the changes, and the investigation and 
evaluation of methods by which these changes may be brought about ; ac- 
cordingly, he recognizes two large divisidns in the field of educational psychology; 
first, the native equipment of human beings; secondly, the psychology of learn- 
ing. The book treats these two major subdivisions separately; the first includes 
considerations of the nature of human capacities, variation and inheritance of 
mental traits, and measurement of mental equipment, the second deals with the 
physiological and more strictly psychological aspects. An extensive third part 
considers in detail the problems and practices of schools, and gives special atten- 
tion to each of the subjects commonly taught. 


In Preparation 


Vertebrate Zoology 


By HORATIO H. NEWMAN, Ph.D., Associate Professor of 
Zoology and Embryology, in the University of Chicago. Cloth, 
Crown Octavo, about 545 pages, 220 illustrations. 


TABLE OF CONTENTS 


Chapters: I—Principles of Vertebrate Morphology. II—The 
Phylum Chordata. II]—The Origin and Evolution of the Vertebrates. 
IV —Cyclostomata. V—Pisces. VI—Amphibia. VII — Reptiles. 
VIII—Aves. IX—Mammalia. 


This volume is intended for use as a text-book in college courses in verte- 
brate zoology and comparative anatomy. Professor Newman approaches his 
subject from the dynamic rather than the structural pont of view; thus the 
physiological, phylogenetic, ecological, and evolutionary aspects of vertebrates 
are'particularly emphasized; but careful attention is also given to anatomical 
facts and data. 

The book is written in the light of the most recent advances in biology, 
making use of important new conceptions and experimental evidence bearing 
upon the evolution and comparative study of vertebrates. 


THE MACMILLAN COMPANY 


PUBLISHERS NEW YORK 


= 


SCIENCE—ADVERTISEMENTS 


One of the Most Popular Books on Sex Published 


Over 100,000 Copies Sold 


The Sexual Life 


By C. W. MALCHOW, M.D. 


Formerly Professor of Proctology and Associate in Clinical Medicine, Hamline 
University College of Physicians and Surgeons; President of Physicians 
and Surgeons’ Club ; Member Hennepin County Medical 
Society, Minnesota State Medical Society, Ameri- 
can Medical Association, etc. 


318 pages, octavo. Fourth Revised Edition 
Price, silk clothbinding - - - $3.00 


embracing the natural sexual impulse, normal sexual habits, and propaga- 
tion, together with sexual physiology and hygiene. 


q The author presents the subject of sex from the normal and physiological—most 
other books on this subject are written from the abnormal and pathological 


standpoints. 

q Physicians are finding it necessary to give advice on sex problems to their 
patients at the present time more than ever before. Prudery with reference to 
sexual matters has been relegated to the past—sane, wholesome, scientific informa- 
tion on the sex problems is being demanded by the people of their physician, 
and the physician must be able to render this service when called upon. 


ie S is a scientific treatise designed for advanced students and the professions, 


q ‘‘The Sexual Life’’ is a book that will give you this information. Its wide popu- 
larity is attested to by the fact that more than 100,000 copies have been printed. 
When a book reaches a sale of this size it is evident that it has rendered a service 


—the unworthy and loosely written text cannot survive. 
gq This book contains chapters on the following subjects : Sexual Sense, Sexual 
Passion, Female Sexual Sense, Male Sexual Sense, The Copulative Function, The 
Act of Copulation, Sexual Habits in the Married, Hygienic Sexual Relations, 
Sexual Inequality, Copulation and Propagation, Nervous Women. 
NOTE.—The sale of this book ts limited to members of the medical, dental, scholastic, legal and clerical profes- 
sions. When ordering attach your card or professional letterhead to the accompanying coupon. 

8G No need of writing—just sign the attached coupon and mail, but do it today 
—right now—before you lay down this magazine. 


MOSBY Co. 
St. Louis 


- Please send me a copy 
of Malchow—“‘ The Sexual 


Cc. V. MOSBY CO.—Publishers 
Medical—Dental—Surgical—Nursing Books 
801-809 Metropolitan Building 
ST. LOUIS - - - U.S.A. 


Ask for a copy of our complete catalogue of medical, pharmaceutical, 
dental, and nursing publications. 
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THE BROOKS’ INDUCTOMETER 


or : In the Brooks’ Inductometer is offered 
a compact form of variable inductance, 
+ with a self inductance range of 5 to 50 milli- 
henrys, possessing the following advan- 

tages: 


1. A fair degree of astaticism, which 
tends to eliminate errors due to stray 
field effects. 


2. It is less expensive and at the 
same time fully as accurate as the Ayrton- 
Perry instrument. 

3. It occupies less space than the 

, Aryton-Perry form. 
The instrument has a very nearly uniform scale, obtained by properly proportioning the coils. 
It may be used as a mutual inductance. 


It has a good ratio of maximum to minimum inductance (about 9 to 1) and also has as high 
a time constant as is consistent with good design and moderate size. 


The instrument is fully described in Bulletin No. 152, a copy of which will be sent upon request. 


THE LEEDS & NORTHRUP CO. 


ELECTRICAL MEASURING INSTRUMENTS 
4921 STENTON AVENUE PHILADELPHIA 


Langmuir Condensation Pump 


Dr. Irving Langmuir (of the 
General Electric Co.) has de- 
veloped an exceedingly inter- 
esting and valuable high-speed 
high-vacuum pump, and by 
special agreement with the 
makers, we are acting as sole 
distributors, for laboratory 
purposes. 

With this pump pressure as 
low as 10-5 bar have been ob- 
tained ; and there is little 
doubt that very much lower 
pressures can be produced, by 
cooling the bulb to be ex- 
hausted, in liquid air, so as 
to decrease the rate at which 
gases escape from the walls. 
Some type of primary pump 
must be used ; capable of de- 
veloping @ vacuum not less 
than 0.1-0.15 mm.of mercury, 
The illustration shows a Langmuir pump, connected to a two-stage primary oil pamp—which is op- 
erated by a } HP motor ; all three parts of the outfit being assembled together on one base. 


JAM ES G. BI DDLE If interested, write for copy of illustrated 


1211-13 ARCH STREET Bulletin 881, issued November, 1917 & 
PHILADELPHIA and also copy of paper by Dr. Langmuir. 
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PULFRICH REFRACTOMETER 


AS MADE BY ADAM HILGER, Ltd., LONDON 
IN OUR STOCK FOR IMMEDIATE SHIPMENT 


No. 45829 Pulfrich Refractometer, Hilger make 


45829. REFRACTOMETER, PULFRICH, Hilger’s latest model, for the measurement of refrac- 
tive indices of both solids and liquids to an accuracy of about 0.0001, and the dispersion, i. e. 
the difference of refractive index for two spectral lines, to about 0.00002 in the interval 1.33 to 
1.73. With prism of refractive index D. of 1.74 for substances of refractive indices for D. be- 
tween 1.47 and 1.73 with mount and carrier and improved water jacketing attachments. In 


case with lock and key. 


45833. Hydrogen End-on Vacuum Tube, for use with Pulfrich Refractometer No. 45829. 


45837. Prism of refractive index for D. of about 1.62 for liquids of refractive indices for D. between 
1.33 and 1.61 with mount and carrier and with glass cell for liquids. 


Orders accepted for duty free importation with delivery in from twelve to fifteen weeks. 
All prices subject to change without notice. 


ARTHUR H. THOMAS COMPANY 


IMPORTERS - DEALERS - EXPORTERS 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE PHILADELPHIA, U. S. A. 
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Cornell University 
Medical College 
IN THE CITY OF NEW YORK 


Admits graduates of approved Colleges 
presenting the required Physics, Chem- 
istry and Biology. 

Instruction by laboratory methods 
throughout the course. Small sections 
facilitate personal contact of student 
and instructor. 

Graduate Courses leading to A.M. and 
Ph.D., also offered under direction of 
the Graduate School of Cornell Uni- 
versity. 

Applications for admission are preferably 
made not later than June. 


For further information and catalogue address 


The Dean, Cornell University 
Medical College 
Department B 
First Avenue and 28th St. NEW YORK CITY 


Washington University 
School of Medicine 


REQUIREMENTS FOR ADMISSION 


Candidates for entrance are required to have completed at 
least two full years of college work which must include English, 
German, and instruction with laboratory work in Physics, 
Chemistry and Biology. 


INSTRUCTION 


Instruction begins on the last Thursday in September and 
ends on the second Thursday in June. Clinical instruction is 
given in the Barnes Hospital and the St. Louis Children’s Hos- 
pital, affiliated with the medical school, the St. Louis City Hos- 
pital, and in the Washington University Dispensary. 


COURSES LEADING TO ACADEMIC 
DEGREES 


Students who have taken their premedical work in Wash- 
ington University, are eligible for the degree of B.S. upon the 
completion of the first two years of medical work. 

Students in Washington University may pursue study in 
poo! —— medical sciences leading to the degree of A.M. 
an 


TUITION 


The tuition fee for undergraduate medical students is $200 
perannum. Women are admitted. 

The catalogue of the Medical School and other information 
may be obtained by application to the Dean. 


Euclid Avenue and Kingshighway St. Louis 


Johns Hopkins University 


Medical School 


The Medical School is an Integral Part of the University and 
isin close Affiliation with the Johns Hopkins Hospital 


ADMISSION 


Candidates for admission must be graduates of approved 
colleges or scientific schools with at least one _ instruction, 
laboratory work, chemistry, and biology. 
= with evidence of a ng knowledge of French an 

rman. 

Each class is limited to 90 students, men and women being 
admitted on the same terms. Except in l cir t % 
appli tions for admi. will not be considered after July 1st. 

vacancies occur, students from other institutions desiring 
advanced agp! be admitted to the second or third year, 
provided they fu al] of our requirements and present ex- 
ceptiona] qualifications. 


The next 


The for tuition is $28® per annum, payable in three 
instalments. There are no extra fees except for rental of micro- 
scope, certain expensive supplies, and laboratory breakage. 


The annua! annouacement, blanks, and circular 
describing graduate courses may be obtained by addressing the 


Dean of the Johns Hopkins Medical School 
Washington and Monument S?-- BALTIMORE, MD. 


Tulane University of Louisiana 


COLLEGE OF MEDICINE 
(Established in 1834) 


School of Medicine— 

After January 1 1918, all students entering the 
Freshman Class will be required to present credits 
for two years of college work, which must include 
Biology, Chemistry and Physics, with their labora- 
tories, and one year in German or French. 
Graduate School of Medicine— 

Aschool for physicians desiring practical clinical 
opportunities, review, laboratory technic or cada- 


veric work in or gynecolo Excellent 
facilities offered in all special branches. 
School of Pharmacy— 
Admission: Three years of high school work, or 
12 units. Two years for Ph.G. degree. Three 
years for Ph.C. degree. 
School of Dentistry— 
Admission: Four years of highschool work, with 


15 units. Thorough, practical, as well as compre- 
hensive technical training in dentistry. 


Women admitted to all Schools on the same terms 
as men. 


For catalogs and all other information, address 


TULANE COLLEGE OF MEDICINE 
P. O. Box 770, New Orleans, La. 
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HEE academic September 1919 and : 
om eecupies four years, and espedal emphasis 
in the in the weeds of tho 
and in the Dispensary. ; 
TUITION 
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THE LONG ISLAND 
COLLEGE HOSPITAL 


BROOKLYN-NEW YORK 


Sixty-first Annual Session begins Sep- 
tember 22, 1919 
The medical college requires two 


years of study in a college of liberal 
arts or sciences for admission. 


See specifications for Class A Medi- 
cal Colleges by the Council on Medi- 
cal Education, A.M.A.; also those for 
a Medical Student’s Qualifying Certi- 
ficate by the University of the State 
of New York. 


Conditioned Students not admitted 
For particulars address 


THE DEAN OF THE COLLEGE 
OF MEDICINE 
Henry and Amity Streets 


Brooklyn, New York 


UNIVERSITY OF PENNSYLVANIA 
SCHOOL OF MEDICINE 
The One Hundred Session pill open 


720, 


REQUIREMENTS FOR ADMISSION 
Candidates for admission are required to have completed at 
least two full years of college work which must include specified 
amounts of —. French or German, | hysics, Biology and 
Chemistry (including Organic), Laboratory work is required 
in the three sciences. 

The first and second year classes are limited to 100 students. 
Women are admitted. Application should be presented before 
July Ist, as on that date the selection of the entering class will 


be made. 

About 125 students can be accommodated in the third and 
fourth year classes and applications for admittance on advanced 
standing will be considered from students who have made ex- 
cellent records in other “‘ Class A’? medical schools. 


INSTRUCTION 
Clinical instruction is given in the University Hospital on the 
campus with 400 beds and the immediately adjoining Phila- 
delphia General Hospital with 1600 beds, The fundamental 
branches are taught in the Hare Laboratory of Chemistry, the 
combined Laboratories of Pathology, Physiology and Phar- 
macology, and the Laboratory of Hygiene and Bacteriology. 


GRADUATE COURSES 

Information concerning courses in the organized 
Medico-Chirurgical College Graduate School of Medicine of the 
ate ace A of Pennsylvania, which includes as a unit the former 
Philadelphia Polyclinic Hospital and Polyclinic Graduate School 
of Medicine, can be obtained from the Dean as well as informa- 
tion about courses leading to the degree of Doctor of Public 
Hygiene (Dr. P.H.) and courses in Tropical Medicine. 

TUITION 

Undergraduate study, $200 annually; fees for graduate and 
special courses on application. 

The annual announcement, applieation blanks and other 
information may be obtained by application to the 


Dean of School of Medicine 


University of Pennsylvania Philadelphia, Pa. 


University of Alabama 


School of Medicine 
Mobile, Alabama 
Entrance Requirements 


The satisfactory completion of two years 
of study, in an institution of collegiate grade, 
to include Biology, Chemistry, Physics, and a 
reading knowledge of French or German. 
addition to four year High School diploma. 


Combined Course 


The Combined Course which is now 
offered by the University in connection with 
its Medical Department gives to the student 
the srpeneniey of obtaining the B.S. and 
M.D. degrees in six years. This course is 
recommended to allintending students. 

The - ment of the schoolis complete. 
The clinical facilities ample. Eight full time 
teachers. 

For catalog and any desired information, 


Tucker H. Frazer, M.D., Dean 
School of Medicine 
St. Anthony and Lawrence Sts., 
MOBILE, ALA, 


University of Georgia 
MEDICAL DEPARTMENT 

| Augusta, Georgia 

| 


ENTRANCE REQUIREMENTS 
The successful completion of at least two years of work 
| including English, Physics, Chemistry, and Biology in 
| an approved college. This in addition to four years of 
| high school. 
INSTRUCTION 
The course of instruction occupies four years, begine 


ning the second week in September and ending the first 
week in June. The first two years are devoted to the 


hospitals, are under the entire control of the Board of 


TUITION 


The charge for tuition is $150.00 a year except for 
residents of the State of Georgia, to whom tuition ix 
free. For further information and catalogue address 


The Medical Department, University of Georgia 


AUGUSTA, GEORGIA 


vi 
— 
i practical clinic instruction in medicine and surgery. 
5 All the organised medical and surgical charities of the 
“ city of Augusta and Richmond County, including the 
Trustees of the University. This agreement affords a 
large number and variety of patients which are used in 
the clinical teaching. Especial emphasis is laid upon 
practical work both in the laboratory and clinical de- 
partments 
ess 
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WESTERN RESERVE UNIVERSITY 
SCHOOL OF MEDICINE 


ONLY MEDICAL SCHOOL IN 
THE CITY OF CLEVELAND 


4 Admits only college degree students and seniors 
in absentia. 


4 E cellent laboratories and facilities for research 
and advanced work. 

{ Large clinical material. Sole medical control of 
Lakeside, City, Charity and Maternity Hospitals 
and Babies’ Dispensary. Clinical Clerk Services 
with individual instruction. 

{ Wide choice of hospital appointments for all 
graduates, 


{ Fifth optional year leading to A.M. in Medicine. | 


{ Vacation courses facilitating transfer of advanced 
students. 


Q Session opens Oct. 2, 1919; closes June 17, 1920 
Tuition, $150.00. 


For catalogue, information and application 
blanks, address 


THE REGISTRAR, 1353 East 9th St., Cleveland 


School of Hygiene and Public Health 
The Johns Hopkins University 


The second academic session will begin September 30, 
1919. Opportunities for instruction and investigation will 
be offered in Bacteriology, Immunology and Serology, Pro- 
tozoology and Medical Zoology, Epidemiology, Biometry 
and Vital Statistics, Sanitary Engineering, Physiology as 
applied to hygiene, including the principles of industrial 
and educational hygiene, Chemistry as applied to hygiene 
including the analysis of foods and the principles of nutri- 
tion, Social and Mental Hygiene,etc. The courses in these 
subjects are organized upon a trimestral basis and students 
may enter the School as candidates for a degree or as special 
students at the beginning of any trimester, fall, winter or 
spring. Men and women students are admitted on the 
same terms. 


For regularly matriculated students courses are arranged 
leading to the degree of Doctor of Public Health, Doctor of 
Science in Hygiene and Bachelor of Science in Hygiene. 
The details in regard to the requirements for matriculation 
in these courses are described in the catalogue of the School 
which will be forwarded upon application. 


A certificate in Public Health may be awarded to quali- 
fied persons after one year of resident study. 


Persons desiring to take one or more courses not as ap- 
plicants for a degree may enter as special students on ap- 
proval of the Faculty. 


For further information address the Director of 
the School of Hygiene and Public Health, Johns Hop- 
kins University, 310-312 West Monument Street, 
Baltimore, Maryland. 


Syracuse University College of Medicine 
Two years of a 


Entrance or in seience in a re red or 


college 
Requirements Sehool of Science, which must include 
Physies, Chemistry, Biology, and French 
or German. Six and seven years’ combi- 
nation courses are offe 


labo 


clinical medicine. 


systematic and clinical and is devoted to | 


is 
The Third Year the study of the natural history of disease, 


Course to diagnosis and to therapeutics. In this 
ear the pp ee courses in Medicine, 
jurgery and Obstetrics are completed. 

The Fourth isclinical. Students spend the entire fore- 


noon throughout the year as clinical clerks 
Year Course in hospitals under careful supervision. The 
clinical clerk takes the history, makes the 

physical examination and the laborato: 

examinations, arrives at a diagnosis whi 
he must defend, outlines the treatment 
under his instructor and observes and 
records the result. In ease of operation or 
of autopsy he follows the specimen and 
identifies its nature, Two gen- 
eral hospitals, one of which is owned and 
controlled by the University, one special 
hospital and the municipal hospitals and 
laboratories are The 
n the College Dispen- 
ieal work in medical and 

and in conferences. 


Tr course in pathology covering 
June and July will be given in 


a weeks daring Ju 

a of six weeks 

there is a sufficient number of 
Address the Secretary of the College, 

307 Grange Street SYRACUSE, N. Y, 


and in 
surgical 


| 


Rush Medical College 


IN AFFILIATION WITH 


The University of Chicago 


Curriculum.—The fundamental branches (Anatomy, Physiol- 
ogy, Bacteriology, etc.) are taught in the Departments of 
Science at the Hull Biological and the Ricketts Labora- 
tories, University of Chicago. The courses of the three 
clinical years are given in Rush Medical College and in 
the Presbyterian, the Cook County, The Children’s Me- 
morial, The Hospital for Destitute Crippled Children, 
and other hospitals. 

s Limited.—The number of students admitted to each 
class is limi Applications for admission next Autumn 
quarter should be made ow. 

Hospital Year.—The Fifth Year, consisting of service as an 
{nterne under supervision in an approved hospital, or of 
advanced work in one of the departments is prerequisite 
for graduation. call tate 

er wuarter.— ine colle year is nto tour 

ene three of which constitute an annual session. 
‘The summer quarter, in the climate of Chicago is advan- 
tageous for work. Students are admitted to begin the 
medical courses only in the Autumn and Spring quarters. 

Elective System.—A considerable freedom of choice of courses 
and instructors is open to the student. 

Graduate Courses—Advanced and research courses are 
offered in all departments.» Students by ——s summer 
quarters and prolonging their residence at the University 
of Chicago in advanced work may secure the degree of 
A.M., 8.M., or Ph.D, from the University. 

Prize Scholarship.—Six prize scholarships—three in the first 
two years and three in the last two (clinical) years—are 
oweitel to college graduates for theses embodying original 
research. 

The Spring quarter commenced March 31, 1919. 


TUITION—$60.00 per quarter, no laboratory fees. 
Complete and detailed information may be secured by addressing 
THE MEDICAL DEAN 
CHICAGO, ILL. 


The University of Chicago 
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Marine Biological Laboratory 
Woods Hole, Mass. 


INVESTIGATION 
Eatire Year 


INSTRUCTION 


July 2 to August 12, 
1919 


SUPPLY 
DEPARTMENT 
Oper the Entire Year 


Facilities for _reseach in Zoology. 
Embryology, Physiology and Bot- 
any. Seventy-six private labora- 
tories, $100 each for not over three 
months. Thirty tables are avail- 
able for beginnersi n research who 
desire to work under the direction 
of members of the staff. The fee 
for such a table is $50.00. 


Courses of laboratory instruction 
with lectures are offered in Inverte- 
brate Zoology, Protozoology, Em- 
bryology, Physiology and Morph- 
ology and Taxonomy of the ; 
Each course requires the full time 
of the student. Fee,$50. Alecture 
course on the Philosophical Aspects 
of Biology and Allied Sciences is 
offered. 


Animals and plants, preserved, liv- 
ng, andin embryonic stages. Pre- 
served material of all types of 
animals and of Algae, Fungi, Liver- 
worts and Mosses furnished for 
classwork, or for the museum. Liv- 
ing material furnished in season as 
ordered. Microscopic slidesin Zool- 
ogy, Botany, Histology, Bacteriol- 
ogy. Price lists of Zoological and 
Botanical material and Mic:oscopic 
Slides sent on application. State 
whichisdesired. For price lists and 
allinformation regarding material, 
address 


GEO. M. GRAY, Curator, Woods Hole, Mass. 
The annual announcement will be sent onapplication to The 


Director, Marine Biological Laboratory, Woods Hole, Mass. 


Memoirs of the Wistar Institute of Anatomy and 


Biology. No. 6, 1915 


THE RAT 


ead Tables. 278 Pages. 89 Tables. 

ibliography. 

Cempiled and Edited by HENRY H. DONALDSON. 
Postpaid, $3.00. 


The Wistar Institute Philadelphia, Pa. 


OPTIC PROJECTION 


Principles, installation and use of the Mage Lantern, Opaque 
Lantern. Projection Microscope and Moving Picture Machine; 
700 pages, 400 figs. By Smion Henry Gags, B5S., and 
Gace, Pa.D. Postpaid, $3.00. 

THE COMSTOCK PUBLISHING CO.,Ithaca,N Y. 


The University Laboratory 
Designers 


ALEXANDER SMITH, THOMAS B. FREAS, 
President Chief Designer and Treas. 


W. L. ESTABROOKE, W. A. BORING, 
Gen. Manager and Sec’y. Consulting Architect 


This firm is prepared to offer consultation, 
advice, report and design on chemical lab- 
oratories. Complete plans may be offered 
or work may be done jointly with institu- 
tional architect. Consultation with archi- 
tects needing expert advice in laboratory 
construction is solicited. Send for booklet. 


Office: 52 Vanderbilt Avenue, New York City 


South Dakota State College 


are using GAS made by 
The “Detroit” 
Combination Gas Machine 
for supplying gas in Departments of 


Domestic Science 
Chemistry and Physics 


(Over 30,000 in daily use) 


Laboratory work can be done better, 
quicker and cheaper by using this gas. 

Ask for descriptive catalog and names 
of users in your vicinity. 


Detroit Heating & Lighting Co. 
612 Wight St. 


Detroit, Mich. 
1868 


Are You About To Buy 
Chemical Apparatus? 


Drop us a line before you buy 
and we'll try to show you 
what you may gain from buy- 
ing from us. 


WE SPECIALIZE IN 
Graduated and Blown Glassware 
Thermometers, Hydrometers 
Coors and Guernsey Porcelain 

Pyrex Glassware 

All kinds Filter Paper, Hardware 
Heavy Separatory Funnels and Kipps 

Generators and. Stains 1] 

Our 500-page catalogue sent upon request 


LENZ APPARATUS CO. |; 
RS 


18 East Sixteenth Street 
New York City, U. S.A. 


| 
| 
| 
4 I 


SCIENCE—ADVERTISEMENTS ix 


BIOLOGICAL SPECIALTIES 


Our staff is made up of Biologists. We special- 
ize along Biological lines, and we limit ourselves 


to these lines. 
CATALOGS 
Now Ready Ready in May, 1919 
1. MICROSCOPE ; BIRDS 
SLIDES (List 3) Skins, mounts, 
Made by expert nests and eggs. In- 
technicians in cludes taxider- 
our own labora- mist’s supplies. 
tory. 2. LANTERNSLIDES 
2. LIFE HISTOR- Mostly original 
IES (Catalog B) photographs. Birds, 
Insects, Fishes, insects, etc. etc. 


Amphibia and Ready Summer 1919 


Reptiles. 
3. MATERIALS 1. LIVE ANIMALS 
AND PLANTS 
dey All kinds for labora- 
tory, etc. 


d imal: 
2 FOSSILS AND 


so Embryologi- MINERALS 
cal material of 3. APPARATUS FOR 
all kinds. BIOLOGY 


We are at your service: Many Biologists are 
making good use of us now. We will handle 
_ your orders with biological intelligence and with 
dispatch. 
THE CHICAGO BIOLOGICAL SUPPLY HOUSE 
All Kinds of Biological Suppili: 
5505 and 5508 Kimbark Ave., Chicage, Ill. 


The Pyrovolter Principle 


Which has made possible a reliable 
Deflection Potentiometer 


IS BUILT IN FOUR TYPES OF INSTRUMENTS 


Standard Northrup Pyrovolter 
Continuously Deflecting Pyrovolter 
Northrup Millivolter 
Northrup Microvolter 
and in an Adapter 


For a wide variety of uses, these offer precise 
means for making E.M.F. measurements from 
a few microvolts up to one volt, with indications 
given directly by deflections. 


Write for our 


PYROVOLTER LITERATURE 


PYROLECTRIC INSTRUMENT CoO. 
Pyrometric and Electrical Precision Instruments 
636 EAST STATE STREET TRENTON, N. J. 
E. F. Northrup, President and Technical Adviser 


Another PALO Novelty 


LANE BURNERS (PATENTED) 


comPANY 


Laboratory Apparatus and Chemicals 


90-94 Maiden Lane 


Made in seven differ- 
ent types described in 
Bulletin L. B. 


Maximum heat 2700° 
F. Temperature con- 
trol. A blast without 
a blower. No back 
firing, and many other 
advantages. 


Write for Bulletin 
L.B. 


NEW YORK CITY 
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ANNOUNCING 
A New Surrace TENSION APPARATUS 


Designed by Dr. P. L. du Nouy, with the Carrel Mission (French) 
at the Rockefeller Ins:iitute for Medical Research 


Developed by Our Engineering Department with his Co-operation 
and Built by Our Instrument Shop 


No. 10400 


SPECIAL FEATURES 
Extreme Rapidity of Measurements (15-20 seconds). 
Small Quantity of Substance Required (1 cc.). 
Accuracy and Reliability of Determinations. 
Simplicity of Technique. 
Reliability for Use with Colloidal Substances. 
Direct Reading. No Complicated Formulas or Calculations. 
Readily Standardized and Calibrated. 
8. Ruggedness and Freedom from Defects Occasioned by Continuous Use. 


NO 


For method of use see The Journal of General Physiology, May 20, 1919, Vol. I, No. 5. 


A Builetin (No. 82S) is now in preparation containing full description and directions for use, 
prepared in co-operation with Dr. du Nouy. 


Price will be announced later. 


Central Scientific Company 
CHICAGO 460 East Ohio Street U.S.A. 
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AMERICAN MEDICAL 


MUSEUM JARS 


PATENTED 


The first rectangular Museum Jar made in America 
Far Superior to the Jars formerly made in Germany 


Made of perfectly clear and colorless glass, thoroughly annealed, so that all internal strains 

are removed. 
_ The comers and edges are thick. The possibility of breakage is therefore reduced to the 

minimum. 

The surfaces, inside and out, are polished planes, so there is no distortion of the object 
placed within. 

The tops of the jars are ground true and the reinforced edge provides a wide surface for 
tight sealing. ‘ 

Bottom surface is ground flat so that the jar sets firmly. 

The small recess at the top of the jar will hold a glass rod or frame to support the specimen. 

Covers are of the same quality of glass, are polished and correspond with the jar and are 
ground to fit perfectly. 


Made in eleven different sizes as adopted by the International Association 
of Medical Museums 


Write for Prices and Descriptive Circular 
DESIGNED, PATENTED AND DISTRIBUTED BY 


MATERIALS ComPANy 


Everything for the Laboratory 
PITTSBURGH, PA. 
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FRY CHEMICAL GLASSWARE 
ANSWERSEVERY: '!LABORA- 
TORY NEED IN 


1. RESISTANCE TO REA- 
GENTS 


ENDURANCE OF TEM- 
PERATURE CHANGES 


STRENGTH 


MOREOVER IT.IS.WELL°AND 
NEATLY MADE, ANDjSELLS‘AT 
A MODERATE PRICE. 


“YOUICANNOT SAVE MONEY 
BY BUYING CHEAPER WARE, 
AND YOU DO NOT_NEED (TO 
PAY MORE.” 


ASK US FOR SAMPLE BEAK- 
ERS, AND BE CONVINCED. 


SOLD BY LABORATORYjJSUP- 
PLY HOUSES. 


H. C. FRY GLASS Co. 
ROCHESTER 


PENNSYLVANIA 


Sole Mill Representatives for the U. S. and Canada 
H. REEVE ANGEL & CO. 
INCORPORATED 
7-11 Spruce St., New York City 
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